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recombinant vectors and host cells for expression, antibodies which bind OPG, and pharmaceutical compositions. The polypeptides are 
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OSTEOPROTEGERIN 
Field nf -hP Tn^ranrinn, 

The invention relates generally to 
5 polypeptides involved in tlie regulation of bone 

metaholism. More particularly, the invention relates to 
a novel polypeptide, termed osteoprotegerin, which is a 
member of the tumor necrosis factor receptor 
superfamily. The polypeptide is used to treat bone 
0 diseases characterized by increased bone loss such as 
osteoporosis. 

Backarmind of ^h>» rnv^ni--fnn 

Polypeptide growth factors and cytokines are 
j secreted factors which signal a wide variety of changes 
in cell growth, differentiation, and metabolism, by 
specifically binding to discrete, surface bound 
receptors. As a class of proteins, receptors vary in 
their structure and mode of signal transduction. They 
are characterized by having an extracellular domain that 
is involved in ligand binding, and cytoplasmic domain 
which transmits an appropriate intracellular signal. 
Receptor expression patterns ultimately determine which 
cells will respond to a given ligand, while the 
structure of a given receptor dictates the cellular 
response induced by ligand binding. Receptors have been 
shown to transmit intracellular signals via their 
cytoplasmic domains by activating protein tyrosine, or 
protein serine/threonine phosphorylation (e.g., platelet 
derived growth factor receptor (PDGFR) or transforming 
growth factor-|J receptor-I (TGFpR-I) , by stimulating 
G-protein activation (e.g., p-adrenergic receptor), and 
by modulating associations with cytoplasmic signal 
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transducing proteins (e.g., 7NFR-1 and Fas/APO) (Heldin 
Cell M/ 213-223.(1995)). 

The tumor necrosis factor receptor (TNFR) 
superfamily is a group of type I transmeirtbrane proteins 
which share a conserved cysteine-rich motif which is 
repeated three to six times in the extracellular domain 
(Smith, et ai. Cell 7fi, 953-962 (1994)). Collectively, 
these repeat units form the ligand binding domains of 
these receptors (Chen et al.. Chemistry 270. 2874-2878 
(1995)). The ligands for these receptors are a 
structurally related group of proteins homologous to 
TNFa. (Goeddel et al. Cold Spring Harbor Symp. Quart. 
Biol. 51, 597-609 (1986); Nagata et al. Science 2SlL. 
15 1449-1456 (1995) ) . TNFa binds to distinct, but closely 
related receptors, TNFR-1 and TNFR-2. TNFa produces a 
variety of biological responses in receptor bearing 
cells, including, proliferation, differentiation, and 
cytotoxicity and apoptosis (Beutler et al. Ann. Rev. 
Biochera. 505-518 (1988)). 

TNFa is believed to mediate acute and chronic 
inflammatory responses (Beutler et al. Ann. Rev, 
Biochem. 505-508 (1988)). Systemic delivery of TNFa 

induces toxic shock and widespread tissue necrosis. 
Because of this, TNFa may be responsible for the severe 
morbidity and mortality associated with a variety of 
infectious diseases, including sepsis. Mutations in 
FasL, the ligand for the TNFR-related receptor Fas/APO 
(Suda et al. Cell 1169-1178 (1993)), is associated 

with autoimmunity (Fisher et al. Cell 935-946 
(1995)), while overproduction of FasL may be implicated 
in drug-induced hepatitis.. Thus, ligands to the various 
TNFR-related proteins often mediate the serious . effects 
of many disease states, which suggests that agents that 
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neutralize the activity of these ligands would have 
therapeutic value. Soluble TNFR-1 receptors, and 
antibodies that bind TNFa, have been tested for their 
ability to neutralize systemic TNFa (Loetscher et al. 
Cancer Cells 221-226 (1991)). A naturally 

occurring form of a secreted TNFR-1 mRNA was recently 
cloned, and its product tested for its ability to 
neutralize TNFa activity in vitro and ia vivo (Kohno et 
al. PNAS USA 12, 8331-8335 (1990)). The ability of this 
protein to neutralize TNFa suggests that soluble TNF 
receptors function to bind and clear TNF thereby 
blocking the cytotoxic effects on TNFR- bearing cells. 

An object of the invention to identify new 
■members of the TNFR super family. it is anticipated 
that new family members may be transmembrane proteins or 
solvible forms thereof comprising extracellular domains 
and lacking transmembrane and cytoplasmic domains. We 
have identified a new member of the TNFR super family 
which encodes a secreted protein that is closely related 
20 to TNFR-2. By analogy to soluble TNFR-1, the fNFR-2 

related protein may negatively regulate the activity of 
its ligand, and t.hus may be useful in the treatment of 
certain human diseases. 

25 Sununarv of rh^ TnTron^s^rl 

A novel member of the tumor necrosis factor 
receptor (TNFR) superfamily has been identified from a 
fetal rat intestinal cDNA library, a full-length cDNA 
clone was obtained and sequenced. Expression of the rat 
cDNA in a transgenic mouse revealed a marked increase in 
bones density, particularly in long bones, pelvic bone 
and vertebrae. The polypeptide encoded by the cDNA is 
termed Osteprotegerin (OPG) and plays a role in 
promoting bone accumulation. 
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The invention provides for nucleic acids 
encoding a polypeptide having at lease one of the 
biological activities of OPG. Nucleic acids which 
hybridize to nucleic acids encoding mouse, rat or human 
OPG as shown in Figures 2B-2C (SEQ ID NO:120), gA-9B 
(SEQ ID NO: 122), and 9C-9D (SEQ ID NO: 124) are also 
provided. Preferably, OPG is. mammalian OPG and more 
preferably is human OPG. Recombinant vecrors and host 
cells expressing OPG are also encompassed as are methods 
of producing recombinant: OPG. Antibodies or fragments 
thereof which specifically bind the polypeptide are also 
disclosed. 

Methods of treating bone diseases are also 
provided by the invention. The polypeptides are useful 
for preventing bone resorption and may be used to treat 
any condition resulting in bone loss such as 
osteoporosis, hypercalcemia, Paget 's disease of bone, 
and bone loss due to rheumatoid arthritis or 
osteomyelitis, and the like. Bone diseases may also be 
treated with anti-sense or gene therapy using nucleic 
acids of the invention. Pharmaceutical compositions 
comprising OPG nucleic acids and polypeptides are also 
encompassed. 

25 Deacrlnrinn r,f Vh^ '''i'^nr-'i 

Figure l. a. FASTA analysis of novel EST LORF. Shown 
is the deduced FRI-i amino acid sequence aligned to the 
human TNFR-2 sequence. B. Profile analysis of the 
30 novel EST LORF shown is the deduced FRi-i amino acid 
sequence aligned to the TNFR-prof ile . C. Structural 
view of TNFR superfamily indicating region which is 
homologous to the novel FRi-l. 
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Figure 2. Structure and sequence of full length rat OPG 
gene, a novel member of the TNFR super family, a. Map 
of pMOB-31.1 insert. Box indicates position of LORF 
within the cDNA sequence (bold line) . Black box 
5 indicates signal peptide, and gray ellipses indicate 
position of cysteine-rich repeat sequences. B, C. 
Nucleic acid and protein sequence of the Rat OPG cDNA. 
The predicted signal peptide is underlined, and 
potential sites of N-linked glycosylation are indicated 

10 in bold, underlined letters. D, E. Pileup sequence 

comparison (Wisconsin GCG Package, Version 8.1) of OPG 
with other members of the TNFR super family, fas (SEQ ID 
NO: 128); tnfrl (SEQ ID NO: 129); sfu-t2 (SEQ ID NO: 130); 
tnfrZ (SEQ ID N0:131); cd40 {SEQ ID NO:132); osteo (SEQ 

15 ID NO: 133); ngfr (SEQ ID NO: 134); ox40 (SEQ ID NO: 135); 
41bb (SEQ ID NO: 136) . 

Figure 3. PepPlot analysis (Wisconsin GCG Package, 
Version 8.1) of the predicted rat OPG protein sequence. 

A. Schematic representation of rat OPG showing 
hydrophobic (up) and hydrophilic (down) amino acids. 
Also shown are basic (up) and acidic (down) amino acids. 

B. Display of amino acid residues that are beta-sheet 
forming (up) and beta-sheet breaking down) as defined by 

25 Chou and Fasman (Adv. Enz. i2/ 45-147 (1948)). c. 

Display of propensity measures for alpha-helix and beta- 
sheet (Chou and Fasman, iiaid) . Curves above 1.00 show 
propensity for alpha-helix or beta-sheet structure. 
Structure may terminate in regions of protein where 
curves drop below l.QO. D. Display of residues that are 
alpha-forming (up) or alpha-breaking (down) . E. Display 
of portions of the protein sequence that resemble 
sequences typically found at the amino end of alpha and 
beta structures (Chou and Fasman. ibid v . f. Display of 
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portions of the protein sequence chat resemble sequences 
typically found at the carboxyl end of alpha and beta 
structures (Chou and Fasman, ibir^ ) . g. Display of 
portions of the proteins sequence typically found in 
5 turns (Chou and Fasman, jJaid) h. Display of the helical 
hydrophobic moment (Eisenberg et al. Proc. Natl. Acad 
Sci. USA 11, 140-144 (1984)) at each position in the ' 
sequence. I. Display of average hydrophathy based upon 
Kyte and Doolittle (J. Mol. Biol. 157, 105-132 (1982)) 
10 and Goldman et al . (reviewed in Ann. Rev. Biophys. 
Biophys. Chem. 1^, 321-353 (1986)). 

Figure 4. mRNA expression patterns for the OPG cDNA in 
human tissues. Northern blots were probed with a 32P- 
labeled rat cDNA insert (A, left two panels), or with 
the human cDNA insert (B, right panel) . 

Figure 5. Creation of transgenic mice expressing the 
OPG CDNA in hepatocytes. Northern blot expression of 
HE-OPG transgene in mouse liver. 
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Figure 6. Increase in bone density in OPG transgenic 
mice. Panel A-F. Control Mice. G-J, OPG expressing 
mice. At necropsy, all animals were radiographed and 
25 photographs prepared. In A-F, the radiographs of the 
control animals and the one transgenic non-expressor 
(#28) are shown. Note that the bones have a clearly 
defined cortex and a lucent central marrow cavity. In 
contrast, the OPG (G-J) animals have a poorly defined 
cortex and increased density in the marrow zone. 

Figure 7. increase in trabecular bone in OPG transgenic 
mice. A-D. Representative photomicrographs of bones 
from control animals, in A and B, low (4X, lOX) power 
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images of the femurs are shown (Masson Trichrome scain) . 
Stains for tartrate resistant acid phosphatase (TRAP) 
demonstrate osteoclasts (see arrows) both resorfaing 
cartilage (C) and trabecular bone (D) . Note the 
5 flattened appearance of osteoclasts on trabecular bone, 
E-H. Representative photomicrographs of bones from 
OPG-expressing animals* In E and F, low (4X, lOX) power 
images of the femurs are shown (Masson Trichrome stain) . 
The clear region is the growth plate cartilage, blue 
10 stained area is bone, and the red area is marrow. Note 
that in contrast to the controls, the trabecular bone 
has not been resorbed resulting in the absence of the 
usual marrow cavity. Also, the resulting trabeculae have 
a variegated appearance with blue and clear areas. The 
15 clear areas are remnants of growth plate cartilage that 
have never been remodelled. Based on TRAP stains, these 
animals do have osteoclasts (see arrows) at the growth 
plate (G) , which may be reduced in number. However, the 
surfaces of the trabeculae away from the growth plate 
20 are virtually devoid of osteoclasts (H) , a finding that 
stands in direct contrast with the control animals (see 
D) . 

Figure 8, HE-OPG expressors do not have a defect in 
25 monocyte-macrophage development. One cause for 

osteopetrosis in mice is defective M-CSF production due 
to a point mutation in the M-CSF gene. This results in 
a marked deficit of circulating and tissue based 
macrophages. The peripheral blood of OPG expressors 
30 contained monocytes as assessed by HIE analysis. To 
affirm the presence of tissue macrophages, 
immnohistochemistry was performed using F4 8 0 antibodies, 
which recognize a cell surface antigen on murine 
macrophages. A and C show low power (4X) 
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photomicrographs of the spleens from normal and CRl 
overexpressors. Note that both animals have numerous 
F480 positive cells. Monocyte-macrophages were also 
present in the marrow of normal (B) and HE-OPG 
overexpressors (D) (40X) . 

Figure 9. Structure and sequence of mouse and human OPG 
cDNA clones. A, B. Mouse cDNA and protein sequence. 
C, D, Human cDNA and protein sequence. The predicted 
signal peptides are underlined, and potential sites of 
N-linJced glycosylation are indicated in bold. E, F. 
Sequence alignment and comparison of rat, mouse Ind 
human OPG amino acid sequences. 

IS Figure 10. Comparison of conserved sequences in 
extracellular domain of TNFR-1 and human OPG. 
PrettyPlot (Wisconsin GCG Package, Version 8.1) of the 
TNFRl and OPG alignment described in example 6. Top 
line, human TNFRl sequences encoding domains 1-4. 
Bottom line, human OPG sequences encoding domains 1-4. 
Conserved residues are highlighted by rectangular boxes. 

Figure 11. Three-dimensional representation of human 
OPG. Side-view of the Molescript display of the 
predicted 3-dimensional structure of human OPG residues 
25 through 163, {wide line), co-crystallized with human 
TNFP (thin line) . As a reference for orientation, the 
bold arrows along the OPG polypeptide backbone are 
pointing in the N-terminal to C-terminal direction. The 
location of individual cysteine residue side chains are 
inserted along the polypeptide backbone to help 
demonstrate the separate cysteine-rich domains. The 
TNF^ molecule is aligned as described by Banner et al. 
(1993). 
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Figure 12. Structure of OPG cysteine-rich domains. 
Alignment of the human (top line SEQ ID NO: 136) and 
mouse (bottom line) OPG. amino acid sequences 
5 highlighting the predicted domain structure of OPG. The 
polypeptide is divided into two halves; the N-terminus 
(A) , and C-terminus (B) . The N-terminal half is 
.predicted to contain four cysteine rich domains (labeled 
1-4) . The predicted intrachain disulfide bonds are 
10 indicated by bold lines, labeled '^SSl", '^332'', or **3S3''. 
Tyrosine 28 and histidine 75 (underlined) are predicted 
to form an ionic interaction. Those amino -acids 
predicted to interact with an OPG ligand are indicated 
by bold dots above. the appropriate residue. The 
15 cysteine residues located in the C-terminal half of OPG 
are indicated by rectangular boxes. 

Figure 13. Expression and secretion of full length and 
truncated mouse OPG-Fc fusion proteins. A. Map 

20 indicating points of fusion to the human IgGl Fc domain 
are indicated by arrowheads. B. Silver stain of a SDS- 
polyacrylamide gel of conditioned media obtained from 
cells expressing either Fl.Fc (Full length OPG fused to 
Fc at Leucine 401) or Ct.Fc (Carboxy- terminal truncated 

25 OPG fused to Fc at threonine ISO) fusion protein 

expression vectors. Lane 1, parent pCEP4 expression 
vector cell line; Lane 2, Fl.Fc vector cell line; Lane 
3, CT.Fc vector cell line. C. Western blot of 
conditioned media obtained from Fl.Fc and CT.Fc fusion 

30 protein expression vectors probed with anti-human IgGl 
Fc domain (Pierce) . Lane 1, parent pCEP4 expression 
vector cell line; Lane 2, Fl.Fc vector cell line; Lane 
3, CT.Fc vector cell line. 
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Figure 14. Expression of human OPG in E. coli. a. 
Construction of a bacterial expression vector. The LORF 
of the human OPG gene was amplified by PGR, then joined 
to a oligonucleotide linker fragment (top strand is SEQ 
5 ID NO:137; bottom strand is SEQ ID N0:127), and ligated 
into PAMG21 vector DNA. The resulting vector is capable 
of expressing OPG residues 32-401 linked to a N-terminal 
methionine residue. B SDS-PAGE analysis of uninduced 
and induced bacterial harboring the pAMG21-human OPG - 

10 32-401 plasmid. Lane 1, MW standards; lane 2, uninduced 
bacteria; lane 3, 30*C induction; lane 4, 37«c 
induction; lane 5, whole cell lysate from 37'»c 
induction; lane 6, soluble fraction of whole cell 
lysate; lane 7, insoluble fraction of whole cell lysate; 

15 lane 8, purified inclusion bodies obtained from whole 
cell lysate. 



20 



Figure 15. Analysis of recombinant murine OPG produced 
in CHO cells by SDS-PAGE and western blotting. An equal 
amount of CHO conditioned media was applied to each lane 
shown, and was prepared by treatment with either 
reducing sample buffer (left lane), or non-reducing 
sample buffer (right lane) . After electrophoresis, the 
resolved proteins were transferred to a nylon membrane, 
25 then probed with anti-OPG antibodies. The relative 
positions of the 55 Jed monomer ic and 100 Jed dimeric 
forms of OPG are indicated by arrowheads. 



30 



Figure 16. Pulse-chase analysis of recombinant murine 
OPG produced in CHO cells. CHO cells were pulse-labeled 
with 35s-n,ethionine/cysteine, then chased for the 
indicated time. Metabolically labeled cultures were 
separated into both conditioned media and cells, and 
detergent extracts were prepared from each, clarified, 
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then ixnmunoprecipitated with anti-oPG antibodies. The 
inununoprecipitates were the resolved by SDS-PAGS, and 
exposed to film. Top left and right panels; samples 
analyzed under non-reducing conditions. Lower left and 
right panels; samples analyzed under reducing 
conditions. Top and bottom left panels; Cell extracts. 
Top and bottom right panels; Conditioned media extracts 
The relative mobility of the 55 kd monomeric and 100 kd 
dimeric forms of OPG are indicated by arrowheads. 

Figure 17. Expression of OPG in the CTLL-2 cell line. 
Serum- free conditioned media from CTLL-2 cells and CHO- 
mu OPG [1-401] transfected cells was prepared, 
concentrated, then analyzed by non-reducing SDS-PAGE and 
15 western blotting. Left lane; CTLL-2 conditioned media. 
Right lane; CHO-muOPG conditioned media. The relative 
mobility of the 55 kd monomeric and 100 kd dimeric forms 
of OPG are indicated by arrowheads. 

20 Figure 18. Detection of OPG expression in serum samples 
and liver extracts obtained from control and OPG 
transgenic mice. Transgenic mice were constructed as 
described in Example 4. OPG expression was visualized 
after SDS-PAGE followed by Western blotting using 

25 anti-OPG antibodies. 

Figure 19. Effects of huOPG [22-401 J -Fc fusion protein 
on osteoclast formation in ylrro. The osteoclast 
forming assay was performed as described in Example llA 
30 m the absence (control) or presence of the indicated 
amounts of huOPG [22-401] -Fc fusion. Osteoclast 
formation was visualized by histochemical staining for 
tartrate acid phosphatase (TRAP) . ) . a. opg added to 
100 ng/ml. D. OPG added to 0.1 ng/ml. s. oPG added to 
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0.01 ng/ml. F. OPG added to 0.001 ng/ml. G. Control. 
No OPG added. 

Figure 20. Decrease in osteoclast culture TRAP activity 
5 with increasing amounts of OPG. Indicated 

concentrations of huOPG [22-401 ]-Fc fusion protein were 
added to osteoclast forming assay and TRAP activity 
quantitated as described in Example llA. 

10 Figure 21. Effect of OPG on a terminal stage of 

osteoclast differentiation. huOPG [22-401] -Fc fusion 
was added to the osteoclast forming assay during the 
intermediate stage of osteoclast maturation (days 5-6; 
OPG-CTL) or during the terminal stage of osteoclast 
15 maturation (days 7-15; CTL-OPG) . TRAP activity was 

quantitated and compared with the activity observed in 
the absence of OPG (CTL-CTL) in the presence of OPG 
throughout (OPG-OPG) . 

20 Figure 22. Effects of IL-ip, IL-Ia and OPG on blood 
ionized calcium in mice. Levels of blood ionized 
calcium were monitored after injection of IL-lp alone, 
IL-la alone, IL-ip plus muOPG [22-401 1-Fc, IL-la plus 
MuCPG [22-401 ]-Fc, and rauOPG [22-401J-FC alone. Control 

25 mice received injections of phosphate buffered saline 
<PBS) only. IL-IB experiment shown in A; IL-la 
experiment shown in B. 
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Figure 23. Effects of OPG on calvarial osteoclasts in 
control and ILl-treated mice. Histological methods for 
analyzing mice calvarial bone samples are described in 
Example IIB. Arrows indicate osteoclasts present in day 
2-treated mice. Calvarial samples of mice receiving 
four PBS injections daily (A), one injection of IL-1 and 



wo 97/236 U 



PCT/US 96/2 062] 



- 13 - 

three injections of PBS daily (B) , one injection of P3S 
and three injections of OPG daily (C) , one injection of 
IL-1 and three injections of OPG daily. 

5 Figure 24. Radiographic analysis of bone accumulation 
in marrow cavity of normal mice. Mice were injected 
subcutaneously with saline (A) or muOPG [22-401] -Fc 
fusion (Stng/Jcg/d) for 14 days (B) and bone density 
determined as described in Example IIC. 

10 

Figure 25. Historaorphometric analysis of bone 
accumulation in. marrow cavity of normal mice. Injection 
experiments and bone histology performed as described in 
Example IIC. 

15 

Figure 26. Histology analysis of bone acc\jmulation in 
marrow cavity of normal mice. Injection experiments and ■ 
bone histology performed as described in Example lie. 
A. Saline injection B. Injection of muOPG [22-401 J -Fc 
20 . fusion. 

Figure 27. Activity of OPG administered to 
ovariectomized rats. In this two week experiment the 
trend to reduced bone density appears to be blocked by 
25 OPG or other anti-resorptive therapies. DEXA 

measurements were taken at time of ovariectomy and at 
week 1 and week 2 of treatment. The results are 
expressed as % change from the initial bone density 
(Mean +/- seM) . 

30 

Figure 28. Bone density in the femoral metaphysis, 
measured by histomorphometric methods, tends to be lower 
in ovariectomized rats (OVX). than sham operated animals 
(SHAM) 17 days following ovariectomy. This effect was 
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blocked by OPG-Fc, with OPG-Fc treated ovariectomized 
rats (OVX^OPG) having significantly higher bone density 
than vehicle treated ovariectomized rats (OVX) . (Mean 
+ /- SEM) . 



A novel member of the tumor necrosis factor 
receptor (TNFR) superfamily was identified as an 
expressed sequence tag (EST) isolated from a fetal rat 
intestinal cONA library . The structures of the full- 
length rat cDNA Clones and the corresponding mouse and 
human cDNA clones were determined as described in 
Examples 1 and 6. The rat, mouse and human genes are 
shown in Figures 2B-2C (SEQ ID NO:120), 9A-9B (SEQ ID 
NO:122), and 9C-9D (SEQ ID NO:124), respectively. All 
three sequences showed strong similarity to the 
extracellular domains of TNFR family members. None of 
the full-length cDNA clones isolated encoded 
transmembrane and cytoplasmic domains that would be 
expected for membrane-bound receptors, suggesting that 
these cDNAs encode soluble, secreted proteins rather 
than cell surface receptors. A portion of the human 
gene spanning nucleotides 1200-1353 shown in Figure 90 
was deposited in the Genebank database on November 22, 
1995 under accession no. 17188769. 

The tissue distribution of the rat and human 
mRNA was determined as described in Example 2. in rat, 
^ expression was detected in kidney, liver, placenta 
and heart with the highest expression in the kidney. 
Expression in skeletal muscle and pancreas was also 
detected, in humans, expression was detected in. the 
same tissues along with lymph node, thymus, spleen and 
appendix. 
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The rat cDNA was expressed in transgenic mice 
(Example 3) using the liver-specific ApoE promoter 
expression system. Analysis of expressors showed a 
marked increase in bone density^ particularly in long 
5 bones (femurs), vertebrae and flat bones (pelvis). 

Histological analysis of stained sections of bone showed 
severe osteopetrosis (see Example 4) indicating a marked 
imbalance between bone formation and resorption which 
has led to a marked accumulation of bone and cartilage. 
10 A decrease in the number of trabecular osteoclasts in 
the bones of OPG expressor animals indicate that a 
significant portion of the activity of the TNFR-related 
protein may be to prevent bone resorption^ a process 
mediated by osteoclasts. In view of the activity in 
15 transgenic expressors, the TNFR-related proteins 
described herein are termed OPGs. 

Using the rat cDNA sequence, mouse and human 
cDNA clones were isolated (Example 5) . Expression of 
mouse OPG in 293 cells and human OPG in E. coli is 
20 described in Examples 7 and 8. Mouse OPG was produced 
as an Fc fusion which was purified by Protein A affinity 
chromatography* Also described in Example 7 is the 
expression of full-length and truncated human and mouse 
OPG polypeptides in CHO and 293 cells either as fusion 
25 polypeptides to the Fc region of human IgGl or as 

unfused polypeptides. The expression of full-length and 
truncated human and mouse OPGs in £. coli either as Fc 
fusion polypeptides or as unfused polypeptides is 
described in Example 8. Purification of recombinantly 
30 produced mammalian and bacterial OPG is described in 
Example 10. 

The biological activity of OPG was determined 
using an in vitro osteoclast maturation assay, an in 
viva model of interleukin-1 (IL-1) induced 
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10 



hypercalcemia, and injection studies of bone density in 
normal mice (see Example 11) . The following OPG 
recombinant proteins produced in CHO or 293 cells 
demonstrated activity in the ia £. coii osteoclast 
maturation assay: muOPG t22-185]-Fc, rauOPG (22-194j-Fc, 
muOPG [22-40l]Fc, muOPG [22-401 J, huOPG [22-201] -Fc, 
huOPG [22-4011-Fc. muOPG [22-180)-Fc produced in CHO 
cells and huOPG met [32-401] produced in £. coll did not 
demonstrate activity in the in vitro assay. 

OPG from several sources was produced as a 
dimer and to some extent as a higher multimer. Rat OPG 
[22-401] produced in transgenic mice, muOPG [22-401] and 
huOPG [22-401] produced as a recombinant polypeptide in 
CHO ceils, and OPG expressed as a naturally occurring 
product- from a cytotoxic T cell line were predominantly 
dimers and trimers when analyzed on nonreducing SDS gels 
(see Example 9) . Truncated OPG polypeptides having 
deletions in the region of amino acids 186-401 (e.g., 
OPG 11-185] and OPG [1-194]) were predominantly 
monomeric suggesting that the region 186-401 may be 
involved in self- association of OPG polypeptides. 
However, huOPG met [32-401] produced in £. coll was 
largely monomeric. 

OPG may be important in regulating bone 
25 resorption. The protein appears to act as a soluble 
receptor of the TNF family and may prevent a receptor- 
ligand interaction involved in the osteolytic pathway. 
One aspect of the regulation appears to be a reduction 
in the number of osteoclasts. 



15 



20 



30 



Nuclei ^ ^rlfli 

The invention provides for an isolated nucleic 
acid encoding a polypeptide having at least one of the 
biological activities of OPG. As described herein, the 



wo 97/23614 



PCT/XS96/20621 



- 17 - 

biological activities of OPG include, but are not 
limited to, any activity involving bone metabolism and 
in particular, include increasing bone density* The 
nucleic acids of the invention are selected from the 
5 following: 

a) the nucleic acid sequences as shown in Figures 
2B-2C (SEQ ID NO: 120), 9A-9B (SEQ ID NO: 122), and 9C-9D 
(SEQ ID NO: 124) or complementary strands thereof; 

b) the nucleic acids which hybridize under 

10 stringent conditions with the polypeptide-encoding 

region in Figures 2B-2C (SEQ ID N0:120), 9A-9B (SEQ ID 
NO: 122), and 9C-9D (SEQ ID NO: 124); and 

c) nucleic acids which hybridize under stringent 
conditions with nucleotides 148 through 337 inclusive as 

15 shown in Figure lA. 

d) the nucleic acid sequences which are degenerate 
to the sequences in (a) and (b) • 

The invention provides for nucleic acids which 
encode rat, mouse and human OPG as well as nucleic acid 

20 sequences hybridizing thereto which encode a polypeptide 
having at least one of the biological activities of OPG. 
Also provided for are nucleic acids which hybridize to a 
rat OPG EST encompassing nucleotides 148-337 as shown in 
Figure lA. The conditions for hybridization are 

25 generally of high stringency such as 5xSSC, 50% 
formamide and 42®C described in Example 1 of the 
specification. Equivalent stringency to these 
conditions may be readily obtained by adjusting salt and 
organic solvent concentrations and temperature. The 

30 nucleic acids in (b) encompass sequences encoding OPG- 
related polypeptides which do not undergo detectable 
hybridization with other known members of the TNF 
receptor super family. In a preferred embodiment, the 
nucleic acids are as shown in Figures 23-2C (SEQ ID 
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NO:120), 9A-9B (SEQ ID NO:122), and 9C-9D (SEQ ID 
NO:124) . 

The length of hybridizing nucleic acids of che 
invention may be variable since hybridization may occur 
5 in part or all of the polypeptide-encoding regions as 
shown in Figures 2B-2C (SEQ ID NO: 120), 9A-9B (SEQ ID 
N0:122), and 9C-9D (SEQ ID NO:124), and may also occur 
in adjacent noncoding regions. Therefore, hybridizing 
nucleic acids may be truncations or extensions of the 
10 sequences shown in Figures 2B-2C (SEQ ID NO:120), 9A-9B 
(SEQ ID NO: 122), and 9C-9D (SEQ ID NO:124). Truncated 
or extended nucleic acids are encompassed by the 
invention provided they retain one or more of the 
biological properties of OPG, The hybridizing nucleic 
15 acids may also include adjacent noncoding regions which 
are 5' and/or 3' to the OPG coding region. The 
noncoding regions include regulatory regions involved in 
OPG expression, such as promoters, enhance, 
translational initiation sites, transcription 
2 0 termination sites and the like. 

Hybridization conditions for nucleic acids are 
described in Sambroo)c et al. MQi^r-niar Clonincrr a 
LaborfirOTY Mam»a1 , 2nd ed. Cold spring Harbor Laboratory 
Press, Cold Spring Harbor, New Yorlc (1989) 
2^ DNA encoding rat OPG was provided in plasmid 

pMO-Bl,l deposited with the American Type Culture 
Collection, Rockville, MD on December 27, 1995 under 
ATCC accession no. 69970. DNA encoding mouse OPG was 
provided in plasmid pRcCMV-murine OPG deposited with the 
30 Ajnerican Type Culture Collection, Rockville, MD on 
December 27, 1995 under accession no. 69971, DNA 
encoding human OPG was provided in plasmid pRcCMV - 
human OPG deposited with the American Type Culture 
Collection, Rockville, MD on December 27, 1995 under 
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accession no. 69969- The nucleic acids of the invention 
will hybridize under stringent conditions to the DNA 
inserts of ATCC accession nos. 69969, 69970, and 69971 
and have at least one of the biological activities of 
5 OPG, 

Also provided by the invention are derivatives 
of the nucleic acid sequences as shown in Figures 23, 9A 
and 9B- As used herein^ derivatives include nucleic 
acid sequences having addition, substitution, insertion 

10 or deletion of one or more residues such that the 

resulting sequences encode polypeptides having one or 
more amino acid residues which have been added, deleted, 
inserted or substituted and the resulting polypeptide 
has the activity of OPG. The nucleic acid derivatives 

15 may be naturally occurring, such as by splice variation 
or polymorphism, or may be constructed using site- 
directed mutagenesis techniques available to the skilled 
worker. One example of a naturally occurring variant of 
OPG is a nucleic acid encoding a lys to asn change at 

20 residue 3 within the leader sequence (see Example 5) . 
It is anticipated that nucleic acid derivatives will 
encode amino acid changes in regions of the molecule 
which are least likely to disrupt biological activity. 
Other derivatives include a nucleic acid encoding a 

25 membrane-bound form of OPG having an extracellular 

domain as shown in Figures 2B-2C (SEQ ID NO: 120), 9A-9B 
<SEQ ID NO: 122), and 9C-9D (SEQ ID NO: 124) along with 
transmembrane and cytoplasmic domains. 

In one embodiment, derivatives of OPG include 

30 nucleic acids encoding truncated forms of OPG having one 
or more amino acids deleted from the carboxy terminus. 
Nucleic acids encoding OPG may have from 1 to 216 amino 
acids deleted from' the carboxy terminus. Optionally, an 
antibody Fc region may extend from the new carboxy 
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terminus to yield a biologically act ive. OPG-Fc fusion 
polypeptide^ (see Exajnple 11). In preferred 
embodiments, nucleic acids encode OPG having the amino 
acid sequence from residues 22-185, 22-189, 22-194 or 

5 22-201 (using numbering in Figure 9E-F) and optionally, 
encoding an Fc region of human IgG, 

Also included are nucleic acids encoding 
truncated forms of OPG having one or more amino acids 
deleted from the amino terminus. Truncated forms 

0 include those lacking part or all the 21 amino acids 
comprising the leader sequence. Additionally, the 
invention provides for nucleic acids encoding OPG having 
from 1 to 10 amino acids deleted from the mature amino 
terminus (at residue 22) and , optionally, having from 1 

5 to 216 amino acids deleted from the carboxy terminus (at 
residue 401) . Optionally, the nucleic acids may encode 
a methionine residue at the amino terminus. Examples of 
such OPG truncated polypeptides are described in Example 
8.. 

0 Examples of the nucleic acids of the invention 

include cDNA, genomic DNA, synthetic DNA and RNA. cDNA 
is obtained from libraries prepared from mRNA isolated 
from various tissues expressing OPG. In humans, tissue 
sources for OPG include kidney, liver, placenta and 

5 heart. Genomic DNA encoding OPG is obtained from 

genomic libraries which are commercially available from 
a variety of species. Synthetic DNA is obtained by 
chemical synthesis of overlapping oligonucleotide 
fragments followed by assembly of the fragments to 

) reconstitute part or all of the coding region and 
flanking sequences (see U.S. Patent No. 4,695,623 
describing the chemical synthesis of interferon genes) . 
RNA is obtained most easily by procaryotic expression 
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secrened polypeptides which may be recovered from the 
growth medium. 

Vectors for the expression of OPG contain at a 
minimxam sequences required for vector propogation and 
5 for expression of the cloned insert. These sequences 
include a replication origin, selection marker, 
promoter, ribosome binding site, enhancer sequences, RNA 
splice sites and transcription termination site. 
Vectors suitable for- expression in the aforementioned 
10 host cells are readily available and the nucleic acids 
of the invention are inserted into the vectors using 
standard recombinant DNA techniques. Vectors for 
tissue-specific expression of OPG are also included. 
Such vectors include promoters which function 
15 specifically in liver^ Jcidney or other organs for 

production in mice, and viral vectors for the expression 
of OPG in targeted hiiman cells. 

Using an appropriate host-vector system, OPG 
is produced recombinantly by culturing a host cell 
20 transformed with an expression vector containing nucleic 
acid sequences encoding OPG under conditions such that 
OPG is produced, and isolating the product of 
expression. OPG is produced in the supernatant of 
transfected mammalian cells or in inclusion bodies of 
25 transformed bacterial host cells. OPG so produced may 
be purified by procedures known to one skilled in the 
art as described below. The expression of OPG in 
mammalian and bacterial host systems is described in 
Examples 7 and 8. Expression vectors for mammalian 
,30 hosts are exemplified by plasmids such as pDSRa 

described in PCT Application No. 90/14363. Expression 
vectors for bacterial host cells are exemplified by 
plasmids pAiMG21 and pAMG22-His described in Example 8. 
Plasmid pAMG21 was deposited ' with the American Type 
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vectors which direct high-level synthesis of mRNA, such 
as vectors using T7 promoters and RNA polymerase. 

Nucleic acid sequences of the invention are 
used for the detection of OPG sequences in biological 
samples in order to determine which cells and tissues 
are expressing OPG mRNA, The sequences may also be used 
to screen cDNA and genomic libraries for sequences 
related to OPG. Such screening is well within the 
capabilities of one skilled in the art using appropriate 
hybridization conditions to detect horaologus sequences. 
The nucleic acids are also useful for modulating the 
expression of OPG levels by anti-sense therapy or gene 
therapy. The nucleic acids are also used for the 
development of transgenic animals which may be used for 
15 the production of the polypeptide and for the study of 
biological activity (see Example 3) . 

Expression vectors containing nucleic acid 
20 sequences encoding OPG, host cells transformed with said 
vectors and methods for the production of OPG are also 
provided by the invention. An overview of expression of 
recombinant proteins is found in Methods of Enzymoloay 
V. 185, Goeddel, D.V. ed. Academic Press (1990) • 
25 Host cells for the production of OPG include 

procaryotic host cells, such as coli . yeast, plant, 
insect and mammalian host cells. £. coll strains such 
as HBlOl or JMlOl are suitable for expression. 
Preferred mammalian host cells include COS, CHOd-, 2 93, 
30 CV-1, 3T3, baby hamster kidney (BHK) cells and others. 
Mammalian host cells are preferred when post- 
translational modifications, such as glycosylation and 
polypeptide processing, are important for OPG activity. 
Mammalian expression allows for the production of 
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Culture Collection, Rockvilie, MD on July 24, 1996 under 
accession no. 98113. Plasmid pAMG22-His was deposited 
with the American Type Culture Collection, P.ockville, MD 
on July 24, 1996 under accession no. 98112. It is 
5 anticipated that the specific plasmids and host cells 
described are for illustrative purposes and that other 
available plasmids and host cells could also be used to 
express the polypeptides. 

The invention also provides for expression of 
10 OPG from endogenous nucleic acids by xa vivo or vivo 
recombination events to allow modulation of OPG from the 
host chromosome. Expression of OPG by the introduction 
of exogenous regulatory sequences (e.g. promoters or 
enhancers) capable of directing the production of OPG 
15 from endogenous OPG coding regions is also encompassed. 
Stimulation of endogenous regulatory sequences capable 
of directing OPG production (e.g. by exposure to 
transcriptional enhancing factors) is also provided by 
the invention. 

20 

The invention provides for OPG, a novel member 
of the TNF receptor superfamily, having an activity 
associated with bone metabolism and in particular having 

25 the activity of inhibiting bone resorption thereby 

increasing bone density. OPG refers to a polypeptide 
having an amino acid sequence of mouse, rat or human OPG 
or a derivative thereof having at least one of the 
biological activities of OPG. The amino acid sequences 

30 of rat, mouse and human OPG are shown in Figures 2B-2C 
(SEQ ID N0:121), 9A-9B (SEQ ID NO:123), and 9C-9D {SEQ 
ID NO: 125) respectively. A derivative of OPG refers to 
a polypeptide having an addition, deletion, insertion or 
substitution of one or more amino acids such that the 



wo 97/2J614 



PCT/US9«/20621 



15 



- 24 - 

resulting polypeptide has at least one of the biological 
activities of OPG. The biological activities of OPG 
include, but are not limited to, activities involving 
bone metabolism. Preferably, the polypeptides will have 
5 the amino terminal leader sequence of 21 amino acids 
removed . 

OPG polypeptides encompassed by the invention 
include rat [1-401], rat [22-180], rat [22-401], rat 
(22-401J-FC fusion, rat [1-1801 -Fc fusion, mouse [1- 
10 401], mouse f 1-180], mouse [22-401], human [1-401], 

mouse [22-180], human [22-401], human [22-180], human 
[1-180], human [22-180] -Fc fusion and human met-32-401 . 
Amino acid numbering is as shown in SEQ ID NO: 121 (rat), 
SEQ ID NO: 123 (mouse) and SEQ ID NO: 125 (human). Also 
encompassed are polypeptide derivatives having deletions 
or carboxy-terminal truncations of part or all of amino 
acids residues 180-401 of OPG; one or more amino acid 
changes in residues 180-401; deletion of part or all of 
a cysteine-rich domain of OPG, in particular deletion of 
the distal (carboxy- terminal) cysteine-rich domain; and 
one or more amino acid changes in a cysteine-rich 
domain, in particular in the distal (carboxy- terminal) 
cysteine-rich domain, in one embodiment, OPG has from l 
to about 216 amino acids deleted from the carboxy 
25 terminus. In another embodiment, OPG has from 1 to 
about 10 amino acids deleted from the mature amino 
terminus (wherein the mature amino terminus is at 
residue 22) and, optionally, has from 1 to about 21S 
amino acids deleted from the carboxy terminus. 

Additional OPG polypeptides encompassed by the 
invention include the following: human [22-180] -Fc 
fusion, human [22-201]-Fc fusion, human (22-401]-Fc 
fusion, mouse [22-185] -Fc fusion, mouse (22-194 ]-Fc 
fusion. These polypeptides are produced in mammalian 
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host cells, such as CHO or 293 cells. Additional OPG 
polypeptides encompassed by the invention which are 
expressed in procaryotic host cells include the 
following: human met [22-401], Fc-human met [22-401 J 
fusion (Fc region is fused at the amino terminus of the 
full-length OPG coding sequence as described in Example 
8), human met [22-401 ] -Fc fusion (Fc region fused to the 
full-lengh OPG sequence), Fc-mouse met[22-401J fusion, 
mouse met [22-401] -Fc fusion, human met [27-4 01], human 
met [22-185], human met [22-139], human met [22-194], human 
met[22-194J {P25A) , human met [22-194] (P26A) , human 
met [27-185], human met [27-189], human met [27^194], human 
raet-arg-gly-ser- (his) 6 [22-401], human met-lys [22-401], 
human met- (lys) 3- [22-401], human met [22-401 ] -Fc (P2SA) , 
15 human met [22-401 ] {P25A) , human met [22-401 ] (P26A) , human 
raet[22-401] (P26D), mouse met [22-401 ] , mouse met[27- 
401], mouse met [32-401], mouse met [27-180], mouse 
met [22-189], mouse met[22-194], mouse met[27-l89], mouse 
met[27-i94], mouse met-lys [22-401 ] , mouse HEK[22- 
20 401]{A45T), mouse met-lys- (his) 7 [ 22-401 ] , mouse met- 
lys [22-401 ]- (his) 7 and mouse met (27-401 J (P33E, G36S, 
A45P) . It is understood that the above OPG polypeptides 
produced in procaryotic host cells have an amino- 
terminal methionine residue, if such, a residue is not 
25 indicated. In specific examples, OPG-Fc fusion were 

produced using a 227 amino acid region of human IgGl-yl 
was used having the sequence as shown in Ellison et al. 
(Nuc. Acids Res. la, 4071-4079 (1982)). However, 
variants of the Fc region of human IgG may also be used. 

Analysis of the biological activity of 
carboxy-terminal OPG truncations fused to the human IgGl 
Fc region indicates a portion of OPG of about 164 amino 
acids which is required for activity. This region 
encompasses amino acids 22-135, preferably those in 
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Figure 9C-9D {SEQ ID NO: 125), and comprises four 
cysteine-rich domains characteristic of the cysteine- 
rich domains of TNFR extraceullular domains. 

Using the homology between OPG and the 
extracellular ligand binding domains of TNF receptor 
family members, a three-dimensional model of OPG was 
generated based upon the known crystal structure of the 
extracellular domain of TNFR-i (see Example 6). This 
model was used to identify those residues within OPG 
which may be important for bioldgical activity. 
Cysteine residues that are involved in maintaining the 
structure of the four cysteine-rich domains were 
identified. The following disulfide bonds were 
identified in the model: Domain 1: cys41 to cys54, cys44 
to cys62, tyr23 and his 66 may act to stabilize the 
structure of this domain; Domain 2: cys65 to cysSO, 
cys83 to cys98, cys87 to cyslOS; Domain 3: cysl07 to 
cysllS, cysl24 to cysl42; Domain 4: cysl4S to cysl60, 
cysl66 to cysias. Residues were also identified which 
were in close proximity to TNF|3 as shown in Figures 11 
and 12A-12B. In this model, it is assumed that OPG 
binds to a corresponding ligand; TNf3 was used as a 
model ligand to simulate the interaction of OPG with its 
ligand. Based upon this modeling, the following 
25 residues in OPG may be important for ligand binding: 
glu34, lys43, pro66 to gln91 (in particular, pro66, 
his68, tyr€9, tyrTO, thr71, asp72, ser73, his76, ser77, 
asp78, glu79, leuSl, tyr82, pro85, val86, lys88, glu90 
and gln91), glul53 and serlSS. 

Alterations in these amino acid residues, 
either singly or in combination, may alter the 
biological activity of OPG. For example, changes in 
specific cysteine residues may alter the structure of. 
individual cysteine-rich domains, whereas changes in 
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residues important for ligand binding may affect 
physical interactions of OPG with ligand. Structural 
models can aid in identifying analogs which have more 
desirable properties, such as enhanced biological 
5 activity, greater stability, or greater ease of 
formulation. 

The invention also provides for an OPG 
multimer comprising OPG monomers- OPG appears to be 
active as a multimer (e.g, dimer, trimer of a higher 
10 number of monomers). Preferably, OPG multimers are 

dimers or trimers. OPG multimers may comprise monomers 
having the amino acid sequence of OPG sufficient to 
promote multimer formation or may comprise monomers 
having heterologous sequences such as an antibody Fc 
15 region. Analysis of carboxy-terminal deletions of OPG 
suggest that at least a portion of the region 18 6-401 is 
involved in association of OPG polypeptides* 
Substitution of part or all of the region of OPG amino 
acids 186-401 with an amino acid sequence capable of 
20 self-association is also encompassed by the invention. 
Alternatively, OPG polypeptides or derivatives thereof 
. may be modified to form dimers or multimers by site 
directed mutagenesis to create unpaired cysteine 
residues for interchain disulfide bond romation, by 
25 photochemical crosslinking, such as exposure to 

ultraviolet light, or by chemical crosslinking with 
bifunctional linker molecules such as bifunctional 
polyethylene glycol and' the like. 

Modifications of OPG polypeptides are 
30 encompassed by the invention and include post- 

translational modifications (e.g., N-linked or O-linked 
carbohydrate chains, processing of N-terminal or 
C-terminal ends) , attachment of chemical moieties to the 
amino acid backbone, chemical modifications of N-linked 
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or O-linked carbohydrate chains, and addition of an 
N-terminal methionine residue as a result of procaryotic 
host cell expression. The polypeptides may also be 
modified with a detectable label, such as an enzymatic, 
fluorescent, isotopic or affinity label to allow for 
detection and isolation of the protein. 

Further modifications of OPG include chimeric 
proteins wherein OPG is fused to a heterologous amino 
acid sequence. The heterologous sequence may be any 
sequence which allows the resulting fusion protein to 
retain the activity of OPG. The heterologous sequences 
include for example, immunoglobulin fusions, such as Fc 
fusions, which may aid in purification of the procein. 
A heterologous sequence which promotes association of 
OPG monomers to form dimers, t rimers and other higher 
raultlmeric forms is preferred. 

The polypeptides of the invention are isolated' 
and purified from other polypeptides present in tissues, 
cell lines and transformed host cells expressing OPG, or 
purified from components in cell cultures containing the 
secreted protein. In one embodiment, the polypeptide is 
free from association with other human proteins, such as 
the expression product of a bacterial host cell. 

Also provided by the invention are chemically 
modified derivatives of OPG which may provide additional 
advantages such as increasing stability and circulating 
time of the polypeptide, or decreasing immunogenicity 
(see U.S. Patent No. 4,179,337). The chemical moieties 
for derivitization may be selected from water soluble 
polymers such as polyethylene glycol, ethylene 
glycol/propylene glycol copolymers, 

carboxymethylcellulose, dextran, polyvinyl alcohol and 
the like. The polypeptides may be modified at random 
positions within che molecule, or at predetermined 
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positions within the molecule and may include one, two, 
three or more attached chemical moieties. 

The polymer may be of any molecular weight, 
and may be branched or unbranched. For polyethylene 
glycol, the preferred molecular weight is between about 
IkDa and about lOOkDa (the term "about" indicating that 
in preparations of polyethylene glycol, some molecules 
will weigh more, some less, than the stated molecular 
weight) for ease in handling and manufacturing. Other 
sizes may be used, depending on the desired therapeutic 
profile (e.g., the duration of sustained release 
desired, the effects, if any on biological activity, the 
ease in handling, the degree or lack of antigenicity and 
other known effects of the polyethylene glycol to a 
15 therapeutic protein or analog) . 

The polyethylene glycol molecules (or other 
chemical moieties) should be attached to the protein 
with consideration of effects on functional or antigenic 
domains of the protein. There are a number of 
attachment methods available to those skilled in the 
art, e.g. EP 0 401 384 herein incorporated by reference 
(coupling PEG to G-CSF) , ss& &lsa Malik et al., Exp. 
Hematol. 1028-1035 (1992) (reporting pegylation of 

GM-CSF using tresyl chloride) . For example, 
polyethylene glycol may be covalently bound through 
amino acid residues via a reactive group, such as, a 
free amino or carboxyl group. Reactive groups are those 
to which an activated polyethylene glycol molecule may 
be bound. The amino acid residues having a free amino 
group may include lysine residues and the N-terminal 
amino acid residues; those having a free carboxyl group 
may include aspartic acid residues glutamic acid 
residues and the C-terminal amino acid residue. 
Sulfhydrl groups may also be used as a reactive group 
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for attaching the polyethylene glycol molecule (s) . 
Preferred for therapeutic purposes is attachment at an . 
amino group, such as attach^Tient at the N-terminus or 
lysine group. 

One may specifically desire N-terrainally 
chemically modified protein. Using polyethylene glycol 
as an illustration of the present compositions, one may 
select from a variety of polyethylene glycol molecules 
{by molecular weight, branching, etc.), the proportion 
of polyethylene glycol molecules to protein (or peptide) 
molecules in the reaction mix, the type of pegylation 
reaction to be performed, and the method of obtaining 
the selected N-terminally pegylated protein. The method 
of obtaining the N-terminally pegylated preparation 
15 (i.e., separating this moiety from other monopegylated 
moieties if necessary) may be by purification of the 
N-terminally pegylated material from a population of 
pegylated protein molecules. Selective N-terminal 
chemically modification may be accomplished by reductive 
20 alkylation which exploits differential reactivity of 
different types of primary amino groups (lysine versus 
the N-terminal) available for derivatization in a 
particular protein. Under the appropriate reaction 
conditions, substantially selective derivatization of 
25 the protein at the N-terminus with a carbonyl group 
containing polymer is achieved. 

Synthetic OPG dimers may be prepared by 
various chemical crossl inking procedures. OPG monomers 
may be chemically linked in any fashion that retains or 
enhances the biological activity of OPG. A variety of 
chemical crosslinkers may be used depending upon which 
properties of the protein dimer are desired. For 
example, crosslinkers may be short and relatively rigid 
or longer and more flexible, may be biologically 
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reversible, and may provide reduced immunogenicity or 
longer pharmacokinetic half-life. 

In one example, OPG molecules are linked 
through the amino terminus by a two step synthesis (see 
5 Example 12) . In the first step, OPG is chemically 

modified at the amino terminus to introduce a protected 
thiol, which after purification is deprotected and used 
as a point of attachment for site-specific conjugation 
through a variety of crosslinkers with a second OPG 
10 molecule. Amino-cerminal crosslinks include, but are 
not limited to, a disulfide bond, thioether linkages 
using short-chain, bis-functional aliphatic 
crosslinkers, and thioether linkages to variable length, 
bifunctional polyethylene glycol crosslinkers (PEG 
15 '"dumbbells") . Also encompassed by PEG dumbbell 
synthesis of OPG dimers is a byproduct of such 
synthesis, termed a '^monobell" . An OPG monobell 
consists of a monomer coupled to a linear bifunctional 
PEG with a free polymer terminus. Alternatively, OPG 
may be crosslinked directly through a variety of amine 
specific homobifunctional crossiinking techniques which 
include reagents such as: diethyienetriaminepentaacetic 
dianhydride (DTPA) , p-benzoquinone (pBQ) or 
bis<sulfosuccinimidyl) suberate (BS^) as well as others 
25 known in the art. It is also possible to thiolate OPG 
directly with reagents such as iminothiolane in the 
presence of . a variety of bifunctional, thiol specific 
crosslinkers, such as PEG bismaleimide, and achieve 
dimerization and/or dumbbells in a one step process. 

A method for the purification of OPG from 
natural sources and from transfected host cells is also 
included. The purification process may employ one or 
more standard protein purification steps in an 
appropriate order to obtain purified protein.' The 
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chromatography steps can include ion exchange, gel 
filtration, hydrophobic interaction, reverse phase, 
chromatofocusing, affinity chromatography employing 
anti-OPG antibody or biotin-streptavidih affinity 
complex and the like. 

Also encompassed by the invention are 
antibodies specifically binding to OPG. Antigens for 
the generation of antibodies may be full-length 
polypeptides or peptides spanning a portion of. the OPG 
sequence. Immunological procedures for the generation 
of polyclonal or monoclonal antibodies reactive with OPG 
are known to one skilled in the art (see, for example, 
15 Harlow and Lane, AntihorH^c:. a r^H^^^^^ ^y M;>n,,^i cold 
Spring Harbor Laboratory Press, Cold Spring Harbor N.Y. 
(1988)), Antibodies so produced are characterized for 
binding specificity and epitope recognition using 
standard enzyme-linked immunosorbent assays. Antibodies 
also include chimeric antibodies having variable and 
constant domain regions derived from different species. 
In one embodiment, the chimeric antibodies are humanized 
antibodies having murine variable domains and human 
constant domains. Also encompassed are complementary 
determining regions grafted to a hviman framework 
(so-called CDR-grafted antibodies) . Chimeric and 
CDR-grafted antibodies are made by recombinant methods 
known to one skilled in the art. Also encompassed are 
human antibodies made in mice. 

Anti-OPG antibodies of the invention may be 
used as an affinity reagent to purify OPG from 
biological samples (see Example 10). In one method, the 
antibody is immobilized on CnBr-activated Sepharose and 
a column of antibody-Sepharose conjugate is used to 
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remove OPG from liquid samples. Antibodies are also 
used as diagnostic reagents to detect and quantitate OPG 
in biological samples by methods described below. 

5 Pharmarput^ical romposit! ions 

The invention also provides for pharmaceutical 
compositions comprising a therapeutically effective 
amount of the polypeptide of the invention together with 
a pharmaceutically acceptable diluent, carrier, 

10 solubilizer, emulsifier, preservative and/or adjuvant. 
The term "therapeutically effective amount" means an 
amount which provides a therapeutic effect for a 
specified condition and route of administration. The 
composition may be in a liquid or lyophilized form and 

15 comprises a diluent (Tris, acetate or phosphate buffers) 
having various pH values and ionic strengths, 
solubilizer such as Tween or Polysorbate, carriers such 
as human ser\jm albumin or gelatin, preservatives such as 
thimerosal or benzyl alcohol, and antioxidants such as 

20 ascrobic acid or sodium metabisulfite. Also encompassed 
are compositions comprising OPG modified with water 
soluble polymers to increase solubility or stability. 
Compositions may also comprise incorporation of OPG into 
liposomesr microemulsions, micelles or vesicles for 

25 controlled delivery over an extended period of time. 
Specifically, OPG compositions may comprise 
incorporation into polymer matricies such as hydrogels, 
silicones, polyethylenes, ethylene-vinyl acetate 
copolymers, or biodegradable polymers. Examples of 

50 hydrogels include polyhydroxyalkylmethacrylates (p- 
HEMA) , polyacrylamide/ polymethacrylamide, 
polyvinylpyrrolidone, polyvinyl alcohol and various 
polyelectrolyte complexes. Examples of biodegradable 
polymers include polylactic acid (PLA) , polyglycolic 
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acid (PGA), copolymers of PLA and PGA, polyamides and 
copolymers of polyamides and polyesters. Other 
controlled release formulations include microcapsules, 
microspheres, macromolecular complexes and polymeric 
beads which may be administered by injection. 

Selection of a particular composition will depend 
upon a number of factors, including the condition being 
treated, the route of administration and the 
pharmacokinetic parameters desired. A more extensive 
survey of component suitable for pharmaceutical 
compositions is found in EemiiigtaxLl£.^liariiiacauiJ^ 
Sc i f=?nreff / 18th ed. A.R. Cennaro, ed. Mack, Easton, PA 
(1980) . 

Compositions of the invention may be 
administered by injection, either subcutaneous, 
intravenous or intramuscular, or by oral, nasal, 
pulmonary or rectal administration. The route of 
administration eventually chosen will depend upon a 
number of factors and may be ascertained by one skilled 
20 in the art. 

The invention also provides for pharmaceutical 
compositions comprising a therapeutically effective 
amount of the nucleic acids of the invention together 
with a pharmaceutically acceptable adjuvant. Nucleic 
acid compositions will be suitable for the delivery of 
part or all of the OPG coding region to cells and 
tissues as part of an anti-sense or gene therapy 
regimen . 

aone tissue provides support for the body and 
consists of mineral (largely calcium and phosphorous), a 
matrix of collagenous and noncollagenous proteins, and 
cells. Three types of cells found in bone, osteocytes. 
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osteoblasts and osteoclasrs, are involved in the dynamic 
process by which bone is continually formed and 
resorbed. Osteoblasts promote formation of bone tissue 
whereas osteoclasts are associated with resorption. 
5 Resorption, or the dissolution of bone matrix and 
mineral, is a fast and efficient process compared to 
bone formation and can release large amcxints of mineral 
from bone. Osteoclasts are involved in the regulation 
of the normal remodeling of skeletal tissue and in 

10 resorption induced by hormones. For instance, 

resorption is stimulated by the secretion of parathyroid 
hormone in response to decreasing concentrations of 
calcium ion in extracellular fluids. In contrast, 
inhibition of resorption is the principal function of 

15 calcitonin. In addition, metabolites of vitamin b alter 
the responsiveness of bone to parathyroid hormone and 
calcitonin. 

After skeletal maturity, the amount of bone in 
the skeleton reflects the balance (or imbalance) of bone 
20 formation and bone resorption. Peak bone mass occurs 
after skeletal maturity prior to the fourth decade. 
Between the fourth and fifth decades, the equilibrium 
shifts and bone resorption dominates. The inevitable 
decrease in bone mass with advancing years starts 
25 earlier in females than males and is distinctly 

accelerated after menopause in some females (principally 
those of Caucasian and Asian descent) . 

Osteopenia is a condition relating generally 
to any decrease in bone. mass to below normal levels. 
30 Such a condition may arise from a decrease in the rate 
of bone synthesis or an increase in the rate of bone 
destruction or both. The most common form of osteopenia 
is primary osteoporosis, also referred to as 
postmenopausal a.nd senile osteoporosis. This form of 
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osteoporosis is a consequence of the universal loss of 
bene with age and is usually a result of increase in 
bone resorption with a normal rate of bone formation. 
About 25 to 30 percent of all white females in the 
United States develop symptomatic osteoporosis. A 
direct relationship exists between osteoporosis and the 
incidence of hip, femoral, neck and inter-trochanteric 
fracture in women 45 years and older. Elderly males 
develop symptomatic osteoporosis between the ages of 50 
and 70, but the disease primarily affects females. 

The cause of postmenopausal and senile 
osteoporosis is unknown. Several factors have been 
identified which may contribute to the condition. They 
include alteration in hormone levels accompanying aging 
15 and inadequate calcium consumption attributed to 

decreased intestinal absorption of calcium and other 
minerals. Treatments have usually included hormone 
therapy or dietary supplements in an attempt to retard 
the process. To date, however, an effective treatment 
20 for bone loss does not exist. 

The invention provides for a method of 
treating a bone disorder using a therapeutically 
effective amount of OPG. The bone disorder may be any 
disorder characterized by a net bone loss (osteopenia or 
25 osteolysis) . In general, treatment with OPG is 

anticipated when it is necessary to suppress the rate of 
bone resorption. Thus treatment may be done to reduce 
the rate of bone resorption where the resorption rate is 
above normal or to reduce bone resorption to below 
normal levels in order to compensate for below normal 
levels of bone formation. 

Conditions which are treatable with OPG 
include the following: 
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Osteoporosis, such as primary osteoporosis, 
endocrine osteoporosis (hyperthyroidism, 
hyperparathryoidism. Gushing "s syndrome, and 
acromegaly) , hereditary and congenital forms of 
5 osteoporosis (osteogenesis imperfecta, homocystinuria, 
Menkes' syndrome, and Riley-Day syndrome) and 
osteoporosis due to immobilization of extremities. 

Paget 's disease of bone (osteitis deformans) 
in adults and juveniles 

Osteomyelitis, or an infectious lesion in 
bone, leading to bone loss. 

Hypercalcemia resulting from solid tumors 
(breast, lung and Jcidney) and hematologic malignacies 
(multiple myeloma, lymphoma and leukemia) , idiopathic 
15 hypercalcemia, and hypercalcemia associated with 
hyperthryoidism and renal function disorders. 

Osteopenia following surgery, induced by 
steroid administration, and associated with disorders of 
the small and large intestine and with chronic hepatic 
20 and renal diseases. 

Osteonecrosis, or bone cell death, associated 
with traumatic injury or nontraumatic necrosis 
associated with Gaucher 's disease, sickle cell anemia, 
systemic lupus erythematosus and other conditions. 
2^ Bone loss due to rheumatoid arthritis. 

Periodontal bone loss. 
Osteolytic metastasis 

It is understood that OPG may be used alone or 
in conjunction with other factors for the treatment of 
30 bone disorders. In one embodiment, osteoprotegerein is 
used in conjunction with a therapeutically, effective 
amount of a factor which stimulates bone formation. 
Such factors include but are not limited to the bone 
morphogenic factors designated BMP-1 through BMP-12, 
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transforming growth factor-? (TGF-P) and TGF-p family 
members, interleuJcin-1 inhibitors, TNFa inhibitors, 
parathyroid hormone and analogs thereof, parathyroid 
related protein and analogs thereof, E series 
prostaglandins, bisphosphonates (such as alendronate and 
others), and bone-enhancing minerals such as fluoride 
and calcium. 

The following examples are offered to more 
fully illustrate the invention, but are not construed as 
limiting the scope thereof. 



^5 EXAMPLE 1 

Identification and isolation of the 
rat OPG cDNA 



20 



Materials and methods for cDNA cloning and 
analysis are described in Maniatis et al, ibid . 
Polymerase chain reactions (PGR) were performed using a 
PerJcin-Elmer 9600 thermocycler using PGR reaction 
mixture (Boehringer-Mannheim) and primer concentrations 
specified by the manufacturer. In general, 25-50 m 
25 reactions were denatured at 94'G, followed by 20-40 

cycles of 94«C for 5 seconds, 50-60*G for 5 seconds, and 
72*0 for 3-5 minutes. Reactions were the treated for 72 
"C for 3-5 minutes. Reactions were then analyzed by gel 
electrophoresis as described in Maniatis et al., ibid . 

A cDNA library was constructed using mRNA 
isolated from embryonic d20 intestine for EST analysis 
(Adams et al. Science Z5Z, 1651-1656 (1991)). Rat 
embryos were dissected, and the entire developing small 
and large intestine removed and washed in PBS. Total 
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cell RNA was purified by acid guanidiniun thiocyanate- 
phenol-chloroform extraction (Chomczynski andSacchi 
Anal. Biochem, 156-159, (1937)). The poly (A+) 

mRNA fraction was obtained from the total RNA 
5 preparation by adsorption to, and elution from, 
Dynabeads Oligo (dT) 25 (Dynal Corp) using the 
manufacturer's recommended procedures. A random primed 
cDNA library was prepared using the Superscript Plasmid 
System (Gibco BRL, Gaithersburg, Md) . The random cDNA 
10 primer containing an internal Not I restriction site was 
used to initiate first strand synthesis and had the 
following sequence : 

5 ' - AAAGGAAGGAAAAAAGC2££CGS:TACANNNN^ (SEQ id N0:1) 

Not r 

^5 For the first strand synthesis three separate ' 

reactions were assembled that contained 2.5 ^.g of 

poly<A) RNA and 120 ng, 360 ng or 1, 080 ng of random 
primer • After second strand synthesis, the reaction 
products were separately extracted with a mixture of 
20 phenol :choroform:isoamyl alcohol (25:24:1 ratio), and 

then ethanol precipitated • The double strand (ds) cDNA 
products of the three reactions were combined and 
ligated to the following ds oligonucleotide adapter: 

25 5'-TCGACCCACGCGTCCG-3' (SEQ ID N0:2) 
3'-GGGTGCGCAGGCp-5* (SEQ ID NO: 3) 

After ligation the cDNA was digested to 
completion with Not I, extracted with 
30 phenol: chloroform risoamyl (25:24:1) alcohol and ethanol 
precipitated. The resuspended cDNA was then size 
fractionated by gel filtration using premade columns 
provided with the Superscript Plasmid System (Gibco BRL, 
Gaithersburg, Md) as recommended by the manufacturer. 
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The two fractions containing the largest cDNA products 
were pooled, ethanol precipitated and then directionally 
ligated into Not I and Sal I digested pMOB vector DNA 
{Strathmann et al, 1991) . The ligated cDNA was 
5 introduced into competent Elect roMAX DHIOB E. coli 
(Gibco BRL, Gaithersburg, MD) by electroporation. For 
automated sequence analysis approximately 10,000 
trans formants were plated on 20cra x 20cm agar plates 
containing ampicillin supplemented LB nutrient media. 
0 The colonies that arose were pic3ced and arrayed onto 96 . 
well microtiter plates containing 200 ml of L-broth, 
7.5% glycerol, and 50 ^g/ml ampicillin. The cultures 
were grown overnight at 37«C, a duplicate set of 
microtiter plates were made using a sterile 96 pin 
5 replicating tool, then both sets were stored at -SO'C 
for further analysis. For full-length cDNA cloning 
approximately one million transformants were plated on 
96 bacterial ampicillin plates containing about 10,000 
clones each. The plasmid DNA from each pool was 
) separately isolated using the Qiagen Plasmid Maxi Kit 
(Qiagen Corp. , Germany) and arrayed into 96 microtiter 
plates for PGR analyses. 

To sequence random fetal rat intestine cDNA 
clones, glycerol stocks were t.hawed, and small aliquots 
) diluted 1:25 in distilled. Approximately 3.0 ul of 
diluted bacterial cultures were added to PGR reaction 
mixture (Boehringer-Mannheira) containing the following 
oligonucleotides : 

' 5' -TGTAAAACGACGGCCAGT-3' (SEQ ID NO: 4) 

5' -CAGGAAAGAGCTATGACC-S' (SEQ ID NO: 5) 

The reactions were incubated in a thermocycler 
(PerJci.n-Elraer 9600) with the following cycle conditions: 



wo 97/23614 



PCT/US96/20621 



94 C for 2 minutes; 30 cycles of 94*^0 for 5 seconds, 
50*^0 for 5 seconds, and TZ^'C for 3 minutes.; 72*^0 for 4 
minutes. After incubation in the thermocycler/ the 
reactions were diluted with 2.0 mL of water. The 
5 amplified DNA fragments were further purified using 
Centricon columns (Princeton Separations) using the 
manufacturer's recommended procedures. The PGR reaction 
products were sequenced on an Applied Biosystems 373A 
automated DNA sequencer using T3 primer (oligonucleotide 
10 353-23; 5 ' -CAATTAACCCTCACTAAAGG-3 ' ) (SEQ ID NO: 6) Taq 

dye-terminator reactions (Applied Biosystems) following 
the manufacturer's recommended procedures. 

The resulting 5' nucleotide sequence obtained 
from randomly picked cDNA clones translated and then 
15 compared to the existing database of known protein 

sequences using a modified version of the FASTA program 
(Pearson et al. Meth. Enzymol. 193 . (1990)). Translated 
sequences were also analysed for the presence of a 
specific cysteine-rich protein motif found in all known 
20 members of the tumor necrosis factor receptor (TNFR) 
superfamily (Smith et al. Cell 7^, 959-962 (1994)), 
using the sequence profile method of Gribskov et al. 
(Proc. Natl. Acad, Sci. USA 52/ 4355-4359 (1987)), as 
modified by Luethy et al. (Protein Science X 139-14 6 
25 (1994)). 

Using the FASTA and Profile search data, an 
EST, FRI-1 (Fetal Rat Intestine-1 ) , was identified as a 
possible new member* of the TNFR superfamily. FRI-1 
contained an approximately 600 bp. insert with a LORF of 
30 about 150 amino acids. The closest match in the 
database was the hximan type II TNFR (TNFR-2) . The 
region compared showed an -43% homology between TNFR-2 
and FRI-1 over this 150 aa LORF. Profile analysis using 
the first and second cysteine-rich repeats of the TNFR 
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superfamily yielded a Z score of -8, indicating that the 
FRI-l gene possibly encodes a new family member. 
To deduce the structure of the FRI-l product, the fetal 
rat intestine cDNA library was screened for full length 
5 clones. The following oligonucleotides were derived 
from the original FRI-I sequence: 

5'-GCATTATGACCCAGAAACCGGAC-3' (SEQ ID NO: 7) 
5 • -AGGTAGCGCCCTTCCTCACATTC-3 ' ( SEQ ID NO : 8 ) 

10 

These primers were used in PCR reactions to 
screen 96 pools of plasmid DNA, each pool containing 
plasmid DNA from 10,000 independent cDNA clones. 
Approximately 1 ug of plasmid pool DNA was amplified in 

IS a PCR reaction mixture (Boehringer-Mannheira) using a 
Perkin-Elmer 96 well thermal cycler with the following 
cycle conditions: 2 min at 94*C, 1 cycle; 15 sec at 
94*C, then 45 sec at eS'C, 30 cycles; 7 min at 65'C, 1 
cycle. PCR reaction products were analysed by gel 

20 electrophoresis. 13 out of 96 plasmid DNA pools gave 
rise to amplified DNA products with the expected 
relative molecular mass. 

DNA from one positive pool was used to 
transform competent Elect roMAX DHIOB £. coll (Gibco BRL, 

25 Gaithersburg, MD) as described above. Approximately 
40,000 transformants were plated onto sterile 
nitrocellulose filters (BA-85, Schleicher and Schuell) , 
and then screened by colony hybridization using a 32p_ 
dCTP. labelled version of the PCR product obtained above. 

30 Filters were prehybridized in 5X SSC, 50% deionized 
formamide, 5X Denhardt's solution, 0.5% SDS, and 100 
ug/ml denatured salmon sperm DNA for 2-4 hours at 42*C. 
Filters were then hybridized in 5X SSC, 50% deionized 
formamide, 2X Denhardt's solution, 0.1% SDS, 100 ug/ml 
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denatured salmon sperm DNA, and -5 ng/ml of labelled 
probe for -18 hours at' 42*0. The filters were then 
washed in 2X SSC for 10 min at RT, IX SSC for 10 min at 
55*0, and finally in 0.5X SSC for 10-15 min at 5S*C. 
5 Hybridizing clones were detected following 

autoradiography, and then replated onto nitrocellulose 
filters for secondary screening. Upon secondary 
screening, a plasmid clone (pBl.l) was isolated, then 
amplified in L-broth media containing 100 ug/ml 
10 ampicillin and the plasmid DNA obtained. Both strands 
of the 2.4 kb pBl.l insert were sequenced. 

The pBl . 1 insert sequence was used for a FASTA 
search of the public database to detect any existing 
sequence matches and/or similarities. No matches to any 
IS )cnown genes or EST's were found, although there was an 
approximate 45% similarity to the human and mouse TNFR-2 
genes. A methionine start codon is found at bp 124 of 
the nucleotide sequence, followed by a LORF encoding 401 
aa residues that terminates at bp 1327. The 401 aa 
10 residue product is predicted to have a hydrophobic 
signal peptide of approximately 31 residues at its 
N-terminus, and 4 potential sites of N-linked 
glycosylation. No hydrophobic transmembrane spanning 
sequence was identified using the PepPlot program 
15 (Wisconsin GCG package, version 8.1). The deduced 401 
aa sequence was. then used to search the protein 
database. Again, there were no existing matches, 
although there appeared to be a strong similarity to 
many members of the TNFR superfamily, most notably the 
0 human and mouse TNFR-2. A sequence alignment of this 
novel protein with known members of the TNFR- super family 
was prepared using the Pileup program, and then modified 
by PrettyPlot (Wisconsin GCG package, version 8.1). 
This alignment shows a clear homology between the full 
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length FRI-1 gene product and all other TNFR family 
members. The homologus region maps to the extracellular 
domain of TNFR family members, and corresponds to the 
three or four cysteine-rich repeats found in the ligand 
5 binding domain of these proteins. This suggested that 
the FRI-l gene encoded a novel TNFR family member. ' 
Since no transmembrane spanning region was detected we 
predicted that this may be a secreted receptor, similar 
to TNFR-1 derived soluble receptors (Kohno et al. Proc. 
10 Natl. Acad. Sci. USA 52, 8331-8335 (1990)). Due to the 
apparent biological activity of the FRI-1 gene (vide 
infra) , the product was named Osteoprotegerin (OPG) . 



15 EXAMPLE 2 

OPG rtiRNA Expression Patterns in Tissues 
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Multiple human tissue northern blots 
(Clonetech) were probed with a 32p_dCTP labelled FRI-1 
PGR product to detect the size of the human transcript 
and to determine patterns of expression. Northern blots 
were prehybridized in 5X SSPE, 50% formamide, 5X 
Denhardt's solution, 0.5% SDS, and 100 ng/ml denatured 
salmon sperm DNA for 2-4 hr at 42«C. The blots were 
25 then hybridized in 5X SSPE, 50% formamide, 2X Denhardt's 
solution, 0.1% SDS, lOOng/ml denatured salmon sperm 
DNA, and 5 ng/ral labelled probe for 18-24 hr at 42"C. 
The blots were then washed in 2X SSC for 10 min at RT, 
IX SSC for 10 min at SO'C, then in 0.5X SSC for 10-15 
30 min. 

Using a probe derived from the rat gene, a 
predominant mRNA species with a relative molecular mass 
of about 2.4 yco is detected in several tissues, 
including kidney, liver, placenta, and heart. Highest 
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levels are detected in the kidney. A large mRNA species 
of Mr 4.5 and 7,5 )cb was detected in skeletal muscle and 
pancreas. In human fetal tissue, kidney was found to 
express relatively high levels of the 2.4 kb mRNA. 
5 Using a hximan probe (vide infra), only the 2.4 kb 
transcript is detected in these same tissues. In 
addition, relatively high levels of the 2.4 kb 
transcript was detected in the lymph node, thymus, 
spleen and appendix. The size of the transcript 
10 detected by both the rat and human Osteosprotegerin gene 
is almost identical to the length of the rat pBl.l FRI-1 
insert, suggesting it was a full length cDNA clone. 

EXAMPLE 3 

IS Systemic delivery of OPG in transgenic mice 

The rat OPG clone pBl . 1 was used as template 
to PGR amplify the coding region for subcloning into an 
ApoE-liver specific expression vector (Simonet et al. J. 
20 Clin. Invest. 2A, 1310-1319 (1994), and PCT Application 

No. US94/11675 and co-owned U.S. Serial No. 08/221,767. 
The following 5' and 3' oligonucleotide primers were 
used for PGR amplification, respectively: 

25 5'-GACTAGTCCCACAATGAACAAGTGGCTGTG-3' (SEQ ID NO: 9) 
5 • -ATAAGAATGCGGCCGCTAAACTATGAAACAGCCCAGTGACCATTC- 3 ' 
(SEQ ID NO: 10) 

The PGR reaction mixture (Boehringer-Mannheim) 
30 was treated as follows: 94*'C for 1 minute, 1 cycle; 94*^0 
for 20 sec, 62*='C for 30 sec, and 74 C for 1 minute, 25 
cycles. Following amplification, the samples were 
purified over Qiagen PGR columns and digested overnight 
with Spel and NotI restriction enzymes. The digested 
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products were extracted and precipitated and sufacioned 
into the ApoE promoter expression vector. Prior to 
micro injecting the resulting clone, HE-OPG, it was 
sequenced to ensure it was mutation-free. 

The HE-OPG plasmid was purified through two 
rounds of CsCl density gradient centrifugation. The 
purified plasmid DNA was digested with Xhol and Ase I, 
and the 3.6 kb transgene insert was purified by gel 
electrophoresis. The purified fragment was diluted to a 
stock injection solution of 1 ng/ral. in 5 mM Tris, pH 
7.4, 0.2 mM EDTA. Single-cell embryos from BDFl x BDFl- 
bred mice were injected essentially as described 
(Brinster et al., Proc. Natl. Acad. Sci. USA aZ, 4338 
(1985)), except that injection needles were beveled and 
IS siliconized before use. Embryos were cultured overnight 
in a C02 incubator and 15 to 20 2-cell embryos were 
transferred to the oviducts of pseudopregnant GDI female 



10 



20 



30 



mice . 



Following term pregnancy, 4 9 offspring were 
obtained from implantation of microinjected embryos. 
The offspring were screened by PGR amplification of the 
integrated transgene in genomic DNA samples. The target 
region for amplification was a 369 bp region of the 
human Apo E intron which was included in the expression 
25 vector. The oligos used for PGR amplification were: 

5'- GCC TCT AGA AAG AGC TGG GAC-3 ' (SEQ ID NO: 11) 
5'- CGC CGT GTT CCA TTT ATG AGC-3" (SEQ ID NO: 12) 



The conditions for PGR were: 94'*C for 2 
minute, 1 cycle; 94«C for 1 min, 63«C for 20 sec, and 
72''C for 30 sec, 30 cycles. Of the 49 original 
offspring, 9 were identified as PGR positive transgenic 
founders. 
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At 3-10 weeks of age, five transgenic founders 
(2, 11, 16, 17, and 23) and five controls ( 1,-12, IS, 
13, and 30) were sacrificed for necropsy and 
pathological analysis. Liver was isolated from the 
5 remaining 4 founders by partial hepatectomy. For 

partial hepatectomy, the mice were anesthetized and a 
lobe of liver was surgically removed. Total cellular 
RNA was isolated from livers of all transgenic founders, 
and 5 negative control littermates as described 

10 (McDonald et al, Meth. Enzymol, 152 , 219 (1987)). 

Northern blot analysis was performed on these samples to 
assess the level of transgene expression. Approximately 
lOug of total RNA from each animal liver was resolved by 
electrophoresis denaturing gels (Ogden et al . Meth. 

15 Enzymol 61 (1987)), then transferred to HYBOND-N 

nylon membrane (Amersham) , and probed with 
dCTP-labelled pBl.l insert DNA. Hybridization was 
performed overnight at 42*'C in 50% Formamide, 5 x SSPE, 
0,5% SDSr 5 X Denhardt's solution, 100 M-g/ml denatured 

20 salmon sperm DNA and 2-4 x 10^ cpm of labeled probe/ml 

of hybridization buffer. Following hybridization, blots 
were washed twice in 2 x SSC, 0.1% SDS at room 
temperature for 5 min each, and then twice in 0,1 x SSC, 
0«1% SDS at SS^'C for 5-10 min each. Expression of the 

25 transgene in founder and control littermates was 
determined following autoradiography. 

The northern blot data indicate that 7 of the 
transgenic founders express detectable levels of the 
transgene mRNA (animal #' s 2, 11, 15, 17, 22, 33, and 45). 

30 The negative, control mice and one of the founders (#28) 
expressed no transgene-related mBNA. Since OPG is 
predicted to be a secreted protein, overexpression of 
transgene mRNA should be a proxy for the level of 
systemically delivered gene product- Of the PGR and 
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10 



30 



northern blot positive mice, animal 2, 17 and 22 
expressed the highest levels of transgene mRNA, and may 
show more extensive biological effects on host cells and 
tissues. 



EXAMPLE 4 
Biological activity of OPG 



Five of the transgenic mice (animals. 
2,11,16,17 and 28) and 5 control littermates (animals 
1,12,15,18, and 30) were sacrificed for necropsy and 
pathological analysis using the following procedures: 
Prior to euthanasia, all animals had their 
15 identification numbers verified, then were weighed, 
anesthetized and blood drawn. The blood was saved as 
both serum and whole blood for a complete serum 
chemistry and hematology panel. Radiography was 
performed just after terminal anesthesia by lethal C02 
20 inhalation, and prior to the gross dissection. 

Following this, tissues were removed and fixed in 10% 
buffered Zn-Formalin for histological examination. The 
tissues collected included the liver, spleen, pancreas, 
stomach, duodenum, ileum, colon, kidney, reproductive 
25 organs, skin and mammary glands, bone, brain, heart, 
lung, thymus, trachea, eosphagus, thyroid, jejunem, 
cecum, rectum, adrenals, urinary bladder, and skeletal 
muscle. Prior to fixation the whole organ weights were 
determined for the liver, stomach, kidney, adrenals, 
spleen, and thymus. After fixation the tissues were 
processed into paraffin blocks, and 3 urn sections were 
obtained. Bone tissue was decalcified using a formic 
acid solution, and all sections were stained with 
hematoxylin and eosin. In addition, staining with 
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Gomori's reticulin and Masson's trichrome were perfornied 
on certain tissues. Enzyme histochemistry was performed 
to determine the expression of tartrate resistant acid 
phosphatase (TRAP), an enyzme highly expressed by 
5 .osteoclasts, multinucleated bone-resorbing cells of 

monocyte-macrophage lineage. Immunohistochemistry for 
BrdU and F4 80 monocyte-macrophage surface antigen was 
also performed to detect replicating cells and cells of 
the monocyte-macrophage lineage, respectively. To 
10 detect F480 surface antigen expression, formalin fixed, 
paraffin embedded 4)im sections were deparaf f inized and 
hydrated to deionized water. The sections were quenched 
with 3% hydrogen peroxide, blocked with Protein Block 
(Lipshaw, Pittsburgh, PA) , and incxibated in rat 
15 monoclonal anti-mouse F480 (Harlan, Indianapolis, IN) . 
This antibody was detected by biotinylated rabbit anti- 
rat immunoglobulins, peroxidase conjugated strepavidin 
(BioGenex San Ramon, CA) with DAB as chromagen (BioTeJc, 
Santa Barbara, CA) . Sections were counterstained with 
20 hematoxylin. 

Upon gross dissection and observation of 
visceral tissues, no abnormalities were found in the 
transgene expressors or control littermates. Analysis 
of organ weight indicate that spleen size increased by 
25 approximately 38% in the transgenic mice relative to 
controls. There was a slight enlargement of platelet 
size and increased circulating unstained cells in the 
transgene expressors. There was a marginal decrease in 
platelet levels in the transgene expressors. In 
30 addition, the serum uric acid, urea nitrogen, and 

alkaline phosphatase levels all trended lower in the 
transgene expressors . The expressors were found to have 
increased radiodensity of the skeleton, including long 
bones (femurs), vertebrae, and flat bones (pelvis) . The 
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relative size of femurs in the expressors were not 
different from the the control mice. 

Histological analysis of stained sections of 
bone from the OPG expressors show severe osteopetrosis 
5 with the presence of cartilage remnants from the primary 
spongiosa seen within bone trabeculae in the diaphysis 
of the femur. A clearly defined cortex was not 
identifiable in the sections of femur. In normal 
animals, the central diaphysis is filled with bone 
0 marrow. Sections of vertebra also show osteopetrotic 
changes implying that the OPG-induced skeletal changes 
were systemic. The residual bone marrow showed 
predominantly myeloid elements. Megakaryocytes were 
present. Reticulin stains showed no evidence for 
5 reticulin deposition. Imraunohistochemistry for F4 80, a 
cell surface antigen expressed by cells of monocyte- 
macrophage derivation in the mouse, showed the presence 
of F480 positive cells in the marrow spaces. Focally, 
flattened F480 positive cells could be seen directly 
) adjacent to trabecular bone surfaces. 

The mesenchymal cells lining the bony 
trabeculae were flattened and appeared inactive. Based 
on H&E and TRAP stains, osteoclasts were rarely found on 
the trabecular bone surfaces in the OPG expressors. In 
5 contrast, osteoclasts and/or chondroclasts were seen in 
the region of the growth plate resorbing cartilage, but 
their numbers may be reduced compared to controls. Also, 
osteoclasts were present on the cortical surface of the 
metaphysis where modelling activity is usually robust. 
) The predominant difference between the expressors and 
controls was the profound decrease in trabecular 
osteoclasts, both in the vertebrae and femurs. The 
extent of bone accumulation was directly correlated with 
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the level of OPG transgene mRNA detected by northern 
blotting of total liver RNA, 

The spleens from the OPG expressors had an 
increased amount of red pulp with the expansion due to 
5 increased hematopciesis • All hematopoietic lineages are 
represented. F480 positive cells were present in both 
control and OPG expressors in the red pulp. Two of the 
expressors (2 and 17) had foci of extramedullary 
hematopciesis within the liver and this is likely due to 

10 the osteopetrotic marrow. 

There were no observable abnormalities in the 
thymus, lymph nodes, gastrointestinal tract, pancreato- 
hepatobiliary tract, respiratory tract, reproductive 
system, genito-urinary system, skin, nervous system, 

15 heart and aorta, breast, skeletal muscle and fat. 



20 



EXAMPLE 5 

Isolation of mouse and hioman OPG cDNA 



A cDNA clone corresponding to the 5' end of 
the mouse OPG mRNA was isolated from a mouse kidney cDNA 
library (Clontech) by PGR amplification. The 
oligonucleotides were derived from the rat OPG cDNA 
25 sequence and are shown below: 

5'-ATCAAAGGCAGGGCATACTTCCTG-3' {SEQ ID NO: 13) 
5'-GTTGCACTCCTGTTTCACGGTCTG-3' (SEQ ID NO: 14) 

30 5*-CAAGACACCTTGAAGGGCCTGATG-3' (SEQ ID NO: 15) 
5'-TAACTTTTACAGAAGAGCATCAGC-3' (SEQ ID NO: 16) 

S'-AGCGCGGCCGCATGAACAAGTGGCTGTGCTGCG-3' (SEQ ID NO: 17) 
5'-AGCTCTAGAGAAACAGCCCAGTGACCATTCC-3' (SEQ ID NO: 18) 
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The partial and full-length cDNA products 
obtained in this process were sequenced. The full- 
length product was digested with Not I and XJba I, then 
5 directionally cloned into the plasmid vector pRcCMV 
(Invitrogen) . The resulting plasmid was named pRcCMV- 
Mu-OPG. The nucleotide sequence of the cloned product 
was compared to the rat OPG cDNA sequence. Over the 
1300 bp region spanning the OPG LORF, the rat and mouse 

10 DNA sequences are approximately 88% identical. The 

mouse CDNA sequence contained a 401 aa LORF, which was 
compared to the rat OPG protein sequence and found to be 
-94% identical without gaps. This indicates that the 
mouse CDNA sequence isolated encodes the murine OPG 

IS protein, and that the sequence and structure has been 
highly conserved throughout evolution. The mouse OPG 
protein sequence contains an identical putative signal 
peptide at its N-terminus, and all 4 potential sites of 
N-linked glycosylation are conserved- 

20 A partial human OPG cDNA was cloned from a 

human kidney cDNA library using the following rat- 
specific oligonucleotides: 

5'-GTG AAG CTG TGC AAG AAC CTG ATG-3' 
25 (SEQ ID NO: 19) 

5'-ATC AAA GGC AGG GCA TAG TTC CTG- 3' 
(SEQ ID NO: 20) 

This PGR product was sequenced and used to 
30 design primers for amplifying the 3' end of the human 
CDNA using a human OPG genomic clone in lambda as 
template: 



5 ' -TCCGTAAGAAACAGCCCAGTGACC- 3 ' ( SEQ ID NO : 2 9 ) 
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5' -CAGATCCTGAAGCTGCTCAG77TG-3' (SEQ ID N0:21) 

The amplified PGR produce was sequenced, and 
together with the 5' end sequence, was used to design 5' 
5 and 3' human- specific primers useful for amplifying the 
entire human GPG cDNA coding sequences: 

5' -AGCGCGGCCGCGGGGACCACAATGAACAAGTTG-3' (SEQ ID NO: 22) 
5' -AGCTCTAGAATTGTGAGGAAACAGCTCAATGGC-3' (SEQ ID NO: 23) 

10 

The full-length human PGR product was 
sequenced, then directionally cloned into the plasmid 
. vector pRcCMV (Invitrogen) using Not I and Xba I. The 
resulting plasmid was named pRcCMV-human GPG. The 
15 nucleotide sequence of the cloned product was compared 
to the rat and mouse GPG cDNA sequences- Over the 1300 
bp region spanning the GPG LORF, the rat and mouse DNA 
sequences are approximately 78-8 8% identical to the 
human OPG cDNA. The human OPG cDNA sequence also 

2 0 contained a 401 aa LORF, and it was compared to the rat 

and mouse protein sequences* The predicted human OPG 
protein is approximatlely 85% identical, and -90% 
identical to the rat and mouse proteins, respectively* 
Sequence alignment of rat, mouse and human proteins show 
25 that they have been highly conserved during evolution. 
The human protein is predicted to have a N-terminal 
signal peptide, and 5 potential sites of N-linked 
glycosylation, 4 of which are conserved between the rat 
and mouse OPG proteins. 

3 0 The DNA and predicted amino acid sequence of 

mouse OPG is shown in Figure 9A and 9B (SEQ ID NO:122), 
The DNA and predicted amino acid sequence of human OPG 
is shown in Figure 9C an 9D (SEQ ID NO:124). A 
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comparison of the rat, mouse and human OPG amino acid 
sequences is shown in Figure 9E and 9F. 

Isolation of additional human OPG cDNA clones 
revealed the presence of a G to C base change at 
5 position 103 of the DMA sequence shown in Figure 9C. 
This nucleotide change results in substitution of an 
asparagine for a lysine at position 3 of the amino acid 
sequence shown in Figure 9C. The remainder of the 
sequence in clones having this change was identical to 
10 that in Figure 9C and 9D. 



15 
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30 



EXAMPLE 6 

OPG three-dimensional structure modelling 



The araino-terminal portion of OPG has homology 
to the extracellular portion of all known members of the 
TNFR superfamily (Figure IC) . The most notable motif in 
this region of TNFR-related genes is an -40 amino acid, 
cysteine-rich repeat sequence which folds into distinct 
structures (Banner et al. Cell H, 431-445 (1993)). 
This motif is usually displayed in four (range 3-6) 
tandem repeats (see Figure IC) , and is known to be 
involved in ligand binding (Beutler and van Huffel 
25 Science 2M/ 667-663 (1994)). Each repeat usually 

contains six interspaced cysteine residues, which are 
involved in forming three intradomain disulfide bonds, 
termed SSI, SS2, and SS3 (Banner et al., ibid ^ . m some 
receptors, such as TNFR2, CD30 and CD40, some of the 
repeat domains contain only two intrachain disulfide 
bonds (SSI and SS3) . 

The human OPG protein sequence was aligned to 
a TNFRl extracellular domain profile using methods 
described by Luethy, et al., ibid , and the results were 
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graphically displayed using the PrettyPloc program from 
the Wisconsin Package, version 8,1 (Genetics Computer 
Group, Madison, WI) (Figure 10) • The alignment 
indicates a clear conservation of cysteine residues 
5 involved in formation of domains 1-4 • This alignment 
was then used to construct a three-dimensional (3-D) 
model of the human OPG N-terminal domain using the known 
3-D structure of the extracellular domain of p55 TNFRl 
(Banner et al., ibid ) as the template. To do this the 

10 atomic coordinates of the peptide backbone and side 
chains of identical residues were copied from the 
crystal structure coordinates of TNFRl- Following this, 
the remaining coordinates for the insertions and 
different side chains were generated using the LOOK 

15 program (Molecular Applications Group, Palo Alto, CA) • 
The 3-D model was then refined by minimizing its 
conformational energy using LOOK. 

By analogy with other TNFR family members, it 
is assumed that OPG binds to a ligand. For the purpose 

20 of modelling the interaction of OPG with its ligand, the 
crystal structure of TNF-{3 was used to simulate a 3-D 

representation of an "^'OPG ligand"- This data was 
graphically displayed (see Figure 11) using Molscript 
(Kraulis, J. Appl. Cryst- 21/ 94S-950, 1991) . A model 

25 for the OPG/ ligand complex with 3 TNF^ and 3 OPG 

molecules was constructed where the relative positions 
of OPG are identical to TNFRl in the crystal structure. 
This model was then used to find the residues of OPG 
that could interact with its ligand using the following 

30 approach: The solvent accessible area of all residues 
in the complex and one single OPG model were calculated. 
The residues that have different accessibility in the 
complex than in the monomer are likely to interact with 
the ligand. 
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The human and mouse OPG amino acid sequences 
were realigned using this information to highlight 
sequences comprising each of the cysteine rich domains 
1-4 (Figure 12A and 12B) . Each domain has individual 
5 structural characteristics which can be predicted: 

Domain 1 

Contains 4 cysteines involved in SS2 (C41 to 
CS4) and SS3 (C44 to C62) disulfide bonds. Although no 

10 SSI bond is evident based on disulfide bridges, the 

conserved tyrosine at position 28 is homologous to Y20 
in TNFRl, which is Jcnown to be involved in interacting 
with H66 to aid in domain formation. OPG has a 
homologous histidine at position 75, suggesting OPG Y28 

15 and H75 stack together in the native protein, as do the 
homologous residues in TNFRl. Therefore, both of these 
residues may indeed be important for biological 
activity, and N-terminal OPG truncations up to and 
beyond Y28 may have altered activity. In addition, 

20 residues E34 and K43 are predicted to interact with a 
bound ligand based on our 3-dimensional model. 

Domain 7 

Contains six cysteines and is predicted to 
25 contain SSI (C65 to C80) , SS2 (C83 to C98) and SS3 (C87 
to C105) disulfide bonds. This region of OPG also 
contains an region stretching from P66-Q91 which aligns 
to the portion of TNFRl domain 2 which forms close 
contacts with TNF^ (see above)., and may interact with an 
30 OPG ligand. In particular residues P66, H68, Y69, Y70, 
T71, D72, S73, H75, T76, 377, D78, E79, L81, Y82, P85, 
V8 6, K88, E89, L90, and Q91 are predicted to interact 
with a bound ligand based on our structural data. 
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DoTTiain 3 

Contains 4 cysteines involved in SSI (C107 to 
C 113) and SS3 (C124 to C142) disulfide bonds, but not 
an SS2 bond- Based on our structural data, residues 
5 E115, L118 and K119 are predicted in to interact with an 
OPG ligand* 

Domain 4 

Contains 4 cysteines involved in SSI (C145 to 
10 C160) and SS3 (CI 66 to CiaS) disulfide bonds, but not an 
SS2 bond, similar to domain 3. Our structural data 
predict that E153' and S155 interact with an OPG ligand* 

Thus, the predicted structural model for OPG 
15 identifies a number of highly conserved residues which 
are likely to be important for its biological activity. 



EXAMPLE 7 

20 Production of recombinant secreted 

OPG protein in mammalian cells 

To determine if OPG is actually a secreted 
protein, mouse OPG cDNA was fused to the human IgGl Fc 
25 domain as a tag (Capon et al. Nature 221, 525-531 

(1989)), and expressed in human 293 fibroblasts. Fc 
fusions were carried out using the vector pFc-A3. pFc- 
A3 contains the region encoding the Fc portion of human 
immunoglobulin IgG-yl heavy chain (Ellison et al. ibid ^ 

3 0 from the first amino acid of the hinge domain (Glu-99) 
CO the carboxyl terminus and is flanked by a 5'-NotI 
fusion site and 3j-SalI and Xbal sites. The plasmid was 
constructed by ?CR amplification of the human spleen 
cDNA library (Clontech) . PCR reactions were in a final 
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volume of 100 ^il and employed 2 units of Vent DNA 
polymerase (New England Biolabs) in 20 mM Tris-HCl (pH 
8.8), 10 mM KCl, 10 jiM {NH4)2S04, 2 mM MgS04, 0.1% Triton 
X-100 with 400 HM each dNTP and 1 ng of the cDNA library 
5 -to be amplified together with 1 of each primer. 

Reactions were initiated by denaturation at 95°C for 2 
min, followed by 30 cycles of 95*'C for 30 s, 55°C for 30 
s, and 73*C for 2 min. The 5' primer 

5' ATAGCGGCCGCTGAGCCCAAATCTTGTGACAAAACTCAC 3' (SEQ 
10 ID NO: 24) 

incorporated a NotI site immediately 5' to the first 
residue (Glu-99) of the hinge domain of IgG-yl. The 3' 
primer 

5 • -TCTAGAGTCGACTTATCATTTACCCGGAGACAGGGAGAGGCTCTT- 3 ' 
15 (SEQ ID NO:25) 

incorporated Sail and Xbal sites. The 7l7-bp PGR 
product was digested with NotI and Sail, isolated by 
electrophoresis through 1% agarose (FMC Corp. ), purified 
by the Geneclean procedure (BIO 101, Inc.) and cloned 
20 into NotI, Sall-digested pBluescript II KS vector 

(Stratagene) . The insert in the resulting plasmid, pFc- 
A3, was sequenced to confirm the fidelity of the PGR 
reaction. 

The cloned mouse cDNA in plasmid pRcCMV-MuOPG 
25 was amplified using the following two sets of primer 
pairs: 

Pair 1 

5 • -CGTCTGAGCTCAAGCT7CCGAGGACCACAATGAACAAG-3 ' ( SEQ ID 
30 NO:26) 

5 • -CCTCTGCGGCCGCTAAGCAGCTTATTTTCACGGATTGAACCTG- 3 ' (SEQ 
ID N0:27) 
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Pair 2 

5 ' -CCTCTGAGCTCAAGCTTCCGAGGACCACAATGAACAAG-3 * (SEQ ID 
NO :2a) 

5'-CCTCTGCGGCCGCTGTTGCATTTCCTTTCTG-3* (SEQ ID NO: 30) 

5 

The first pair amplifies the entire OPG LORF, 
and creates a Not I restriction site which is compatible 
with the in- frame Not I site in Fc fusion vector pFcA3. 
pFcA3 was prepared by engineering a NotI restriction 
10 site 5' to aspartic acid reside 216 of the human IgGl Fc 
cDNA- This construct introduces a linker which encodes 
two irrelevant amino acids which span the junction 
between the OPG protein and the IgG Fc region- This 
product, when linked to the Fc portion, would encode all 

15 401 OPG residues directly followed by all 227 amino acid 
residues of the human IgGl Fc region (Fl.Fc) . The 
second primer pair amplifies the DNA sequences encoding 
the first 180 amino acid residues of OPG, which 
encompasses its putative ligand binding domain. As 

20 above, the 3' primer creates an artificial Not I 

restriction site which fuses the C-terminal truncated 
OPG LORF at position threonine 180 directly to the IgGl 
Fc domain (CT.fc) . 

The amino acid sequence junction linking OPG 

25 residue 401 and aseptic acid residue 221 of the human Fc 
region can be modified as follows: The DNA encoding 
residues 216-220 of the human Fc region can be deleted 
as described below, or the cysteine residue 
corresponding to C220 of the human Fc region can be 

30 mutated to either serine or alanine. OPF-Fc fusion 
protein encoded by these modifed vectors can be 
transfected into human 293 cells, or CHO cells, and 
recombinant 0?G-Fc fusion protein purified as described 
below. 
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Both products were directionaiiy cloned into 
the plasmid vector pCE?4 (Invitrogen) . pCEP4 contains 
the Epstein-Barr virus origin of replication, and is 
capable of episomal replication in 293-EBNA-l cells. 
5 The parent pCEP4, and pCEP4-Fl .Fc and pCE?4-CT.Fc 

vectors were lipo feet ed into 293-EBNA-l cells using the 
manufacturer's reconunended methods. The transfected 
cells were then selected in 100 ng/ml hygromycin to 
select for vector expression, and the resulting drug- 
10 resistant mass cultures were grown to confluence. The 
ceils were then cultured in serum-free media. for 72 hr, 
and the conditioned media removed and analysed by SDS- 
PAGE. A silver staining of the polyacrylamide gel 
detects the major conditioned media proteins produced by 
15 the drug resistant 293 cultures. In the pCEP4-Fl,Fc and 
the pCEP4-CT.Fc conditioned media, unique bands of the 
predicted sizes were abundantly secreted (see Figures 
13B and 13C) . The full-length Fc fusion protein 
accumulated to a high concentration, indicating that it 
20 may be stable. Both Fc fusion proteins were detected by 
anti-hiaman IgGl Fc antibodies (Pierce) on western blots, 
indicating that they are recombinant OPG products. 

The full length OPG-Fc fusion protein was 
purified by Protein-A column chromatography (Pierce) 
25 using the manufacturers recommended procedures. The 
protein was then subjected to N-terminal sequence 
analysis by automated Edman degradation as essentially 
described by Matsudaira et al. (J. Biol. Chem. Z5Z, 10- 
35 (1987)) . The following amino acid sequence was read 
30 after 19 cycles: 

NH2-E TLPPKYLKYDPETGHQL L-C02H 
(SEQ ID NO: 31) 
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This sequence was identical to the predicted 
mouse OPG amino acid sequence beginning at amino acid 
residue 22, suggesting that the natural mammalian leader 
cleavage site is between amino acid residues Q21-E22/ 
5 not between Y31-D32 as originally predicted. The 

expression experiments performed in 293-EBNA cells with 
pCEP4-Fl.Fc and pCEP4-CT,Fc demonst:rate that OPG is a 
secreted protein, and may act systemically to bind its 
ligand. 

^0 Procedures similar to those used to construct 

and express the muOPGC22-180] -Fc and muOPG [ 22-401 ) -Fc 
fusions were employed for additional mouse and human 
OPG-Fc fusion proteins. 

Murine OPG cDNA encoding amino acids 1-185 

15 fused to the Fc region of human IgGl [muOPG Ct(185) .Fc) 
was constructed as follows. Murine OPG cDNA from 
plasmid pRcCMV Mu Osteoprotegerin (described in Example 
5) was amplified using the following primer pair, in a 
polymerase chain reaction as described above: 

20 

1333-82: 

5'-TCC CTT GCC CTG ACC ACT CTT-3' (SEQ ID NO: 32) 
1333-80: 

5'-CCT CTG CGG CCG CAC ACA CGT TGT CAT GTG TTG C-3' 
25 (SEQ ID NO:33) 

This primer pair amplifies the murine OPG cDNA 
region encoding amino acid residues 63-185 
(corresponding to bp 278-645) of the OPG reading frame 
30 as shown in Figure 9A* The 3' primer contains a Not I 
restriction site which is compatible with the in-frame 
Not I site of the Fc fusion vector pFcA3, The product 
also spans a unique EcoRI restriction site located at b? 
436- The amplified PGR product was purified, cleaved 
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with Notl and EcoRI, and the resulting EccRI-NotI 
restriction fragment was purified. The vector pCEP4 
having the murine 1-401 OPG-Fc fusion insert was cleaved 
with EcoRI and Not I, purified, and ligated to the PCR 
product generated above. The resulting pCE?4-based 
expression vector encodes OPG residues 1-185 directly 
followed by all 227 amino acid residues of the human - 
IgGl Fc region. The murine OPG 1-185. Fc fusion vector 
was transfected into 293 cells, drug selected, and 
conditioned media was produced as described above. The 
resulting secreted murine OPG 1-185 .Fc fusion product 
was purified by Protein-A column chromatography (Pierce) 
using the manufacturers recommended procedures. 

^5 Murine OPG DNA encoding amino acid residues 1- 

194 fused to the Fc region of human IgGl (muGPG 
Ct(194).Fc) was constructed as follows. Mouse OPG cDNA 
from plasraid pRcCMV Mu-Osteoprotegerin was amplified 
using the following primer pairs: 

20 

1333-82: 

5'-TGC CTT GCC CTG ACC ACT CTT-3' (SEQ ID NO:34) 
1333-81: 

5' -GOT CTG CGG CCG CCT TTT GCG TGG CTT CTC TGT T-3' 
25 (SEQ ID NO: 35) 

This primer pair amplifies the murine OPG cDNA 
region encoding amino acid residues 70-194 
(corresponding to bp 298-672) of the OPG reading frame. 
30 The 3' primer contains a Not I restriction site which is 
compatible with the in-frame Not I site of the Fc fusion 
vector pFcA3. The product also spans a unique EcoRI 
restriction site located at bp 436. The amplified PCR 
product was cloned into the murine OPG[1-401] Fc fusion 
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vector as described above. The resulting pCEP4-based 
expression vector encodes OPG residues 1-194 directly 
followed by all 227 amino acid residues of the human 
IgGl Fc region. The murine OPG 1-194. Fc fusion vector 
was transfected into 293 cells, drug selected, and 
conditioned media was produced. The resulting secreted 
fusion product was purified by Protein-A column 
chromatography (Pierce), using the manufacturers 
recommended procedures.- 



Human OPG DNA encoding amino acids 1-401 fused 
to the Fc region of human IgGl was constructed as 
follows. Human OPG DNA in plasmid pRcCMV-hu 
osteoprotegerin (described in Example 5) was amplified 
15 using the following oligonucleotide primers: 

1254-90: 

5'CCT CTG AGC TCA AGC TTG GTT TCC GGG GAC CAC AAT G-3' 

<SEQ ID NO: 36) 

20 

1254-95: 

5' -CCT CTG CGG CCG CTA AGC AGC TTA TTT TTA CTG AAT GG-3' 
(SEQ ID NO:37) 

25 The resulting PGR product encodes the full- 

length human OPG protein and creates a Not I restriction 
site which is compatible with the in-frame Not I site Fc 
fusion vector FcA3. The PGR product was directionally 
cloned into the plasmid vector pCE?4 as described above. 

30 The resulting expression vector encodes human OPG 
residues 1-401 directly followed by 227 amino acid 
residues of the human IgGl Fc region. Conditioned media 
from transfected and drug selected cells was produced 
and the huOPG Fl.Fc fusion product was purified by 
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?rotein-A column chromatography (Pierce) using the 
manufacturers recommended procedures. 

Human OPG DMA encoding amino acid residues 1- 
201 fused to the Fc region of human igGl [huOPG 
Ct(201).Fc] was constructed as follows. The cloned human 
OPG cDNA from plasmid pRrCMV-hu osteoprotegerin was 
amplified by PGR using the following oligonucleotide 
primer pair: 



1254-90: 

5'-CCT CTG AGC TCA AGC TTG GTT TCC GGG GAG CAC AAT 
G-3' (SEQ ID NO: 38) 
1254-92: 

15 5'-CCT CTG CGG CCG CCA GGG TAA CAT CTA TTC CAC- 3' 

(SEQ ID NO: 39) 



This primer pair amplifies the human OPG cDNA 
region encoding amino acid residues 1-201 of the OPG 
reading frame, and creates a Not I restriction site at 
the 3' end which is compatable with the in- frame Not I 
site Fc fusion vector FcA3. This product, when linked 
to the Fc portion, encodes OPG residues 1-201 directly 
followed by all 221 amino acid residues of the human 
25 IgGl Fc region. The PGR product was directionally 

cloned into the plasmid vector pCEP4 as described above. 
Conditioned media from transfected and drug selected 
cells was produced, and the hu OPG Ct(201).Fc fusion 
products purified by Protein-A column chromatography 
(Pierce) using the manufacturer's recommended 
procedures. 



The following procedures were used to 
construct and express unfused mouse and human OPG. 
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A plasmid for mammalian expression of full- 
length murine OPG (residues 1-401) was generated by PGR 
amplification of the murine OPG cDNA insert from pRcCMV 
Mu-Osteoprotegerin and subcloned into the expression 
5 vector pDSRtt (DeClerck et- atl. J* Biol. Chem. 266 , 3393 

(1991)). The following oligonucleotide primers were 
used: 

1295-26: 

10 5'-CCG AAG CTT CCA CCA TGA ACIA AGT GGC TGT GCT 

GC-3' (SEQ ID NO: 40) 

1295-27: 

5'-CCT CTG TCG ACT ATT ATA AGC AGC TTA TTT TCA CGG 
15 ATT G-3' (SEQ ID NO: 41) 

The murine OPG full length reading frame was 
amplified by PGR as described above. The PGR product 
was purified and digested with restriction endonucleases 
20 Hind III and Xba I (Boehringer Mannheim, Indianapolis, 

IN) under the manufacturers recommended conditions, then 
ligated to Hind III and Xba I digested pDSRa. 

Recombinant clones were detected by restriction 
endonuclease digestion, Chen sequenced to ensure no 
25 mutations were produced during the PGR amplification 
steps. 

The resulting plasmid, pDSRa-muOPG was 
introduced into Chinese hamster ovary (GHO) cells by 
calcium mediated transfection (Wigler et al . Cell il, 
30 233 (1977)). Individual colonies were selected based 
upon expression of the dihydrofolate reductase (DHFR) 
gene in the plasmid vector and several clones were 
isolated. Expression of the murine OPG recombinant 
protein was monitored by western blot analysis of GHO 
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cell conditioned media. High expressing cells were 
selected, and OPG expression was further amplified by 
treatment with methotrexate as described (DeClerck et 
al., idid) * Conditioned media from CHO cell lines was 
5 produced for further purification of recombinant 
secreted murine OPG protein, 

A plasmid for mammalian expression of full- 
length human OPG (amino acids 1-401) was generated by 

10 subcloning the cDNA insert in pRcCMV-hu Osteoprotegerin 
directly into vector pDSRa (DeClercJc et al., Ibld ^ . The 
pRcCMV-OPG plasmid was digested to completion with Not 
I, blunt ended with Klenow, then digested to completion 
with Xba I. Vector DNA was digested with Hind III, 

15 blunt ended with Klenow, then digested with Xba I, then 
ligated to the OPG insert. Recombinant plasmids were 
then sequenced to confirm proper orientation of the 
human OPG cDNA. 

The resulting plasmid pDSRa-huOPG was 

20 introduced into Chinese hamster ovary (CHO) cells as 
described above. Individual colonies were selected 
based upon expression of the dihydro folate reductase 
(DHFR) gene in the plasmid vector and several clones 
were isolated. Expression of the human OPG recombinant 

25 protein was monitored by western blot analysis of CHO 
cell conditioned media • High expressing clones were 
selected, and OPG expression was further amplified by 
treatment with methotrexate. Conditioned media from CHO 
cell lines expressing human OPG was produced for protein 

30 purification. 

Expression vectors for murine OPG encoding 
residues 1-185 were constructed as follows. Murine OPG 
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cDNA from pRcCMV-Mu OPG was amplified using the 
following oligonucleotide primers: 

1333-82: 

5 5'-TCC CTT GCC CTG ACC ACT CTT-3' (SEQ ID NO:42) 

1356-12: 

S'-CCT CTG TCG ACT TAA CAC ACG TTG TCA TGT GTT 
GC-3' {SEQ ID NO: 43) 

10 This primer pair amplifies the murine OPG cDNA 

region encoding amino acids 63-185 of the OPG reading 
frame (bp 278-645) and contains an artificial stop codon 
directly after the cysteine codon (C185) ^ which is 
followed by an artificial Sal I restriction endonuclease 

15 site. The predicted product contains an internal Eco RI 
restriction site useful for subcloning into a pre- 
existing vector. After PGR amplification, the resulting 
purified product was cleaved with Eco RI and Sal I 
restriction endonucleases, and the large fragment was 

20 gel purified* The purified product was then subcloned 
into the large restriction fragment of an Eco RI and Sal 
I digest of pBluescript-muOPG Fl.Fc described above. 
The resulting plasmid was digested with Hind III and Xho 
I and the small fragment was gel purified. This 

25 fragment, which contains a open reading frame encoding 
res;idues 1-185 was then subcloned into a Hind III and 
Xho I digest of the expression vector pCEP4. The 
resulting vector, pmuOPG [1-1851, encodes a truncated 
OPG polypeptide which terminates at a cysteine residue 

30 located at position 185. Conditioned media from 

trans fected and drug selected cells was produced as 
described above. 
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1333-82: 

5'-TCC CTT GCC CTG ACC ACT CTT-3' (SEQ ID NO: 44) 
1356-13: 

5'-CCT CTG TCG ACT TAC TTT TGC GTG GCT TCT CTG 
TT-3' (SEQ ID NO: 45) 

This primer pair amplifies the murine OPG cDNA 
region encoding amino acids 70-194 of the OPG reading 
frame (bp 298-672) and contains an artificial stop codon 
directly after the lysine codon (K194) , which is 
followed by an artificial Sal i restriction endonuclease 
site. The predicted product contains an internal Eco RI 
restriction site useful for subcloning into a pre- 
existing vector. After PCR amplification, the resulting 
purified product was cleaved with Eco RI and Sal I 
restriction endonucleases, and the large fragment was 
gel purified. The purified product was then subcloned 
into the large restriction fragment of an Eco RI and Sal 
I digest of pBluescript-muOPG Fl.Fc described above. 
The resulting plasmid was digested with Hind III and Xho 
I and the small fragment was gel purified. This 
fragment, which contains a open reading frame encoding 
residues 1-185 was then subcloned into a Hind III and 
Xho I digest of the expression vector pCEP4. The 
resulting vector, pmuOPG [1-185], encodes a truncated 
OPG polypeptide which terminates at a lysine at position 
194. Conditioned media from transfected and drug 
selected cells was produced as described above. 

Several mutations were generated at the 5' end 
of the huOPG r22-4QlI-Fc gene that introduce either 
amino acid substitutions, or deletions, of OPG between 
residues 22 through 32. All mutations were generated 
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with the "^QuickChange™ Site-Directed Mutagenesis Kit" 
(Stratagene, San Diego, CA) using the manf acturer' s 
reconunended conditions. Briefly, reaction mix 
containing huOPG [22-401] -Fc plasmid DNA template and 
5 mutagenic primers were treated with Pfu polymerase in 
the presence of deoxynucleotidesr then amplified in a 
thermocycler as described above. An aliqout of the 
reaction is then transfected into competent £. nnl i XLl- 
Blue by heatshock, then plated. Plasmid DNA from 
10 trans formants was then sequenced to verify mutations. 

The following primer pairs were used to delete 
residues 22-26 of the human OPG gene, resulting in the 
production of a huOPG [27-401] -Fc fusion protein: 

15 1436-11: 

5'-TGG ACC ACC CAG AAG TAG CTT CAT TAT GAG- 3' 
(SEQ ID NO: 140) 

1436-12: 

20 5'-GTC ATA ATG AAG GTA CTT CTG GGT GGT CCA- 3' 

(SEQ ID NO: 141) 

The following primer pairs were used to delete 
residues 22-28 of the human OPG gene, resulting in the 
25 production of a huOPG [29-401] -Fc fusion protein: 

1436-17: 

5'-GGA CCA CCC AGC TTC ATT ATG ACG AAG AAA C-3' 
(SEQ ID NO: 142) 

30 

1436-18: 

5'-GTT TCT TCG TCA TAA TGA AGC XGG GTG GTC C-3' 
(SEQ ID NO:143) 
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The following primer pairs were used to delete 
residues 22-31 of the human OPG gene, resulting in the 
production of a huOPG [32-401] -Fc fusion protein: 

5 

1436-27: 

5'-GTG GAC CAC CCA GGA CGA AGA AAC CTC TC-3' 
(SEQ ID NO: 144) 

10 1436-28: 

5 '-GAG AGG TTT CTT CGT CCT GGG TGG TCC AC- 3' 
(SEQ ID NO: 145) 

The following primer pairs were used to change 
15 the codon for tyrosine residue 28 to phenylalanine of 
the human OPG gene, resulting in the production of a 
huOPG [22-401 ]-Fc Y28F fusion protein: 

1436-29: 

20 5' -CGT TTC CTC CAA AGT TCC TTC ATT ATG AC-3' 

(SEQ ID NO:146) 

1436-30: 

5'-GTC ATA ATG AAG GAA CTT TGG AGG AAA CG-3' 
25 (SEQ ID NO: 147) 

The following primer pairs were used to change 
the codon for proline residue 26 to alanine of the human 
OPG gene, resulting in the production of a huOPG [22- 
30 4011 -Fc P26A fusion protein: 

1429-83: 

5' -GGA AAC GTT TCC TGC AAA GTA CCT TCA TTA TG-3 
(SEQ ID NO: 148) 
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1429-84: 

5 '-CAT AAT GAA GGT ACT TTG CAG GAA ACG TTT CC-3' 
(SEQ ID NO: 14 9) 

5 

Each resulting muOPG [22-401] -Fc plasmid 
containing the appropriate mutation was then transfected 
into human 293 cells, the mutant OPG-Fc fusion protein 
purified from conditioned media as described above. The 
10 biological activity of each protein was assessed the in 
vitro osteoclast forming assay described in Example 11, . 



EXAMPLE 8 

15 Expression of OPG in E. coli 

A, Bacrprial ExprR.g.giQn Vi=>rrr>r><! 

gftMGZl 

20 The expression plasmid pAMG21 can be derived 

from the Amgen expression vector pCFM1656 (ATCC #69576) 
which in turn be derived from the Amgen expression 
vector system described in US Patent No. 4,710,473. The 
PCFM1656 plasmid can be derived from the described 

25 PCFM836 plasmid (Patent No. 4,710,473) by: (a) 

destroying the two endogenous Ndel restriction sites by 
end filling with T4 polymerase enzyme followed by blunt 
end ligation; (b) replacing the DNA sequence between the 
unique Aatll and Clal restriction sites containing the 

30 synthetic Pj, promoter with a similar fragment obtained 
from PCFM636 (patent No. 4,710,473) containing the PL 
promoter 
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Aatll 

5 ' CT AATTCCGCTCTCACCTACCAAACAATGCCCCCCTGC AAAAAATAAATTCATAT - 

3 ' TGCAGATTAAGGCGAGAGTGGATGGTTTGTTACGGGGGGACGTTTTTTArTTAAGTATA- 



5 -AAAAAACATACAGATAACCATCTGCGGTGATAAATTATCTCTGGCGGTGTTGACATAAA-- 
-TTTTTTGTATGTCTATTGGTAGACGCCACTATTTAATAGAGACCGCCACAACTGTATTT- 

-TACCACTGGCGGTGATACTGAGCACAT 3' (SEQ ID NO: 53) 
-ATGGTGACCGCCACTATGACTCGTGTAGC5' (SEQ ID NO: 54) 

10 Clal 

and then (c) substituting the small DNA sequence between 
the unique Clal and Kpnl restriction sites with the 
following oligonucleotide: 



20 



5 ' CGATTTGATTCTAGAAGGAGGAATAACATATGGTTAACGCGTTGGAATTCGGT AC3 ' 

(SEQ ID NO: 43) 

3 ' TAAACTAAGATCTTCCTCCTTATTGTATACCAATTGCGCAACCTTAAGC 5 ' 

(SEQ ID NO: 49) 



Clal 



Kpnl 



25 



30 



The expression plasinid pAMG2l can then be derived from 
PCFM1656 by making a series of site directed base 
changes by PGR overlapping oligo mutagenesis and DNA 
sequence substitutions. Starting with the Bglll site 
(plasraid bp # 180) immediately 5* to the plasmid 
replication promoter PcopB and proceeding toward the 
plasmid replication genes, the base pair changes are as 
follows : 



bo in pcrwifi^ft 



bp rhanrrPrt f-n nAMCPA 



35 



40 



204 
429 
509 
617 
679 
980 
994 
1004 



T/A 
A/T 
G/C 

G/C 
T/A 
G/C 
A/T 



C/G 
G/C 
A/T 

insert two G/C bp 
T/A 
C/G 
A/T 
C/G 
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15 



20 
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# 1007 


■ C/G 


# 1028 


. A/T 


♦ 1047 


!C/G 


# 1178 


:G/C 


A ^ M ^ ^ 

w 1466 


G/C 


# 2028 


iG/C 




;c/G 


# 2480 


A/T 


# 2499-2S02 


AGTG 




TCAC 


# 2642 


TCCGAGC 




AGGCTCG 


# 3435 


G/C 


« 3446 


G/C 


i 3643 


A/T 



T/A 
T/A 
T/A 
T/A 
T/A 

bp deletion 

T/A 

T/A 

GTCA 
CAGT 

7 bp deletion 



A/T 
A/T 
T/A 



The DNA sequence between the unique Aatll (position 
#4364 in PCFM16SS) and SacII (position #4585 in 
PCFM165S) restriction sites is substituted with the 
following DNA sequence: 



(Aatll 3tic)cy end] 5* GCGTAACGTATGCATGGTCrrr. 

(poaxtion #4358 in pA«21) 3- TGCACGS??SIfISTl«^^ 

•GGTACGCTCTCATCCCTTGACCGTCCGTACrrTTATTTTGCTTTCCGAGTCAG^^ 

4 0 -GTATTTGACGGTCCGTAGTTTAATTCGTCTTCC(OTAGGACTa:CTS?S 

-'^^ATGTTTGAGAAAACAAATAAJUAGArrTATGTAAGTTTATACCT^ 

AAAATTTCATACCCGTTAGTTAACGAGGACAATTTTAACGAAATCTTTATGAAACCGTCG- 
-CCAAACAACATAACTCAAAGTAAACGCCTAACCAATTTACCTTTCACTGGCACGCGAATG- 
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-AACCGCTCTTCACGCrCTTCACGC 3' CSacII aticJcy end] (SEQ ID NO -50) 
-TTGGCGAGAAGTGCGAGAAGTG 3' (position #5904 in pAMG21) (SEQ ID 
NO: 4 6) 

During the ligation of the sticky ends of this 
substitution DNA sequence, the outside Aatll and SacII 
sites are destroyed. There are unique Aatll and SacII 
sites in the .substituted DNA. 



The expression plasmid pAMG22-His can be derived from 
the Amgen expression vector pAMG2 2 by substituting the 
small DNA sequence between the unique Ndel ( #4795) and 
15 EcoRI ( #4818) restriction sites of pAMG22 with the 
following oligonucleotide duplex: 



fflftl ■ EcoRl 
5 TATGAAACATCATCACCATCACCATCATGCTAGCGTTAACGCGTTGG 3 ' 



• TA 

20 (SEQ ID NO: 51) 

ACTTTGTAGTAGTGGTAGTGGTAGTACGATCGCAAXTGCGCAACCTTAA 



3' 

(SEQ ID NO:52) 

MetLyaHiaHiaHisHisHlaHiaHiaAiaSeeValAsnAlaLauGlu 
(SEQ ID NO: 168) 



The expression plasmid pAMG22 can be derived from the 
Amgen expression vector pCFm656 (ATCC #69576) which in 
turn be derived from the Amgen expression vector system 
described in US Patent No. 4,710,473 granted December 1, 
1987. The PCFM1656 plasmid can be derived from the 
described pCFM836 plasmid (Patent No. 4,710,473) by: 
(a) destroying the two endogenous Ndel restriction 
sites by end filling with T4 polymerase enzyme followed 
35 by blunt end ligation; (b) replacing the DNA sequence 
between the unique Aatll and Clal restriction sites 
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containing the synthetic PL promoter with a similar 
fragment obtained from pCFM636 (patent No. 4,710,473) 
containing the PL promoter 



Aatll 



5 ' ^AATTCCGCTCTCACCTACCAAACAATGCCCCCCTGCAAAAAATAAAT^^^ 
3 ' TGCAGATTAAGa:GAGAGTGGATGGTTTGTTACG<3<;«3G^ 



AT- 
A- 



-AAAAAACATACAGATAACCATCTGCGGTGATAAATTA 
0 -TTOTGTATGTCTATTGGTAGACK^^ 



TCTCTGGCGGTGTTGACATAAA- 
ACAACTGTATTT- 



-TACCACTGGCGGTGATACTGAGCACAT 3' (SEQ ID NO: 5 3) 
-ATGGTGACCGCCACTATGACTCGTGTAGC5' (SEQ ID NO: 54) 



Clal 



th, untc,.. cui „3„,^^,„„ ^^^^^ ^^^^ 

following oligonucleotide: 

(SEQ ID NO: 55) 

3' '^^'AAGAICTTCCTCCTTATIGTATACCAATTGCGCAACCTTAAGC 5' 

(SEQ 10 NO: 56) 
Clai 

Kpnl 

PCFM1656 by maJcing a series of site directed base 
Changes by PCR overlapping oligo mutagenesis and DNA 
sequence substitutions. Starting with the Bgin site 
(Plasmxd bp ♦ 180) immediately 5' to the plasmld 
replication promoter PcopB and proceeding toward the 
Plasm.d replication genes, the base pair changes are as 
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25 



bp changed to in 

# 204 T/A c/G 

# 423 A/T G/C 

# 509 G/C 



# 617 



10 # 679 G/C 

» 980 T/A c/G 

# 994 G/C A/T 



A/T 

insert: two G/C 
bp 

T/A 



# 1004 A/T c/G 

# 1007 c/G T/A 
15 # 1028 A/T T/A 

# 1047 c/G T/A 

# 1178 G/C T/A 

# 1466 G/C T/A 

# 2028 G/C bp deletion 
20 # 2187 c/G T/A 

# 2480 A/T T/A 



# 24 99-2502 AGTG GTCA 

TCAC CAGT 

# 2642 TCCGAGC 7 bp deletion 

AGGCTCG 

# 3435 G/C A/T 



30 # 3446 G/C 

* 3643 A/T 



A/T 
T/A 



The DNA sequence between the unique Aatll (position 
#4364 in PCFM1656) and SacII (position #4585 in 
35 pCrM1656) restriction sites is substituted with the 
following DNA sequence: 



[Aatri sticky end] (position #43S8 in pAMG22 



!.' ,^^,?=2'rAACGTATGCATGGTCTCCCCATGCGAGAGTAGGGAACTGCCAGGCATCAA- 
3 TGCACGCATTGCAXACGTACCAGAGGGGTACGCTCTCATCCCTTGACGGTCCGTAGTT- 

~f^'fifl*^°****^'^*^^'^^^^*^'5*C'^'3GGCCTTTCGTTTTATCTGTTGTTTGTTO 
^ ^ -TATTTTGCTTTCCGAGTCAGCTTTCTGACCCGGAAAGCAAAATAGACAACAAACAGCCAC- 
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-<3GGCCTCCCACCGCCCGTCC7GCGGGCGGTATTTGACGGTcS?lG?i?Al^^ 
Z^^r5^'^^^^*'°®=^'^"^G"^^ACAAACTCTTTTGTTTATTTTTCTaA4T 

-cggtaggactgcctaccggaaaaacgcaaagAtgtttgagaS;SII?IISIS^ 
Aatll 



'AGTGT- 

:gagtgatcaca- 




HrCTTGGGGCCTCTAAACGGGTCTTGAGGGGTTTTTTGCTGAAAGGAGGAACcrv-'rf-^*- > 
-GGAACCCCGGAGATTTGCCCAGAACTCCCCAAAAAA?S???????S?^^ 



-CGCTCTTCACGC 3' (SEQ ID NO: 58) 
H3CGAGAAGTG 5' (SEQ ID NO: 57) 

[SacII sticJcy end] (position #5024 in pAMG22) 

During the ligation of the sticky ends of this 
substitution DNA sequence, the outside Aatll and SacII 
sites are destroyed. There are unique Aatll and SacII 
sites in the substituted DNA. 

3. Human OPf? moi- f-^^-^^^i ^ 

In the example, the expression vector used was 
PAMG21, a derivative of pCFM1656 (ATCC accession no. 
69576) which contains appropriate restriction sites for ' 
insertion of genes downstream from the la^ PR promoter. 
(See U.S. Patent No. 5,169,318 for description of the 
liiil expression system). The host cell used was GM120 
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30 



(ATCC accession no. 55764) . This host has the laclQ 
promorer and lad gene integrated into a second site in 
■ the host chromosome of a prototrophic £^ <ZQll K12 host. 
Other commonly used £^ gqU expression vectors and host 
5 cells are also suitable for expression. 

A DMA sequence coding for an N-terminal 
methionine and amino acids 32-401 of the human OPG 
polypeptide was placed under control of the luxPR 
promoter in the plasmid expression vector pAMG21 as 
10 follows. To accomplish this, PGR using oligonucleotides 
#1257-20 and #1257-19 as primers was performed using as 
a template plasmid pRcCMV-Hu OPG DNA containing the 
human OPG cDNA and therraocycling for 30 cycles with each 
cycle being: 94»C for 20 seconds, followed by 37''c for 
15 30 seconds, followed by 72«C for 30 seconds. The 

resulting PGR sample was resolved on an agarose gel, the 
PGR product was excised, purified, and restricted with 
Kpnl and BamHI restriction endonucleases and purified. 
Synthetic oligonucleotides #1257-21 and #1257-22 were 
phophorylated individually using T4 polynucleotide 
kinase and ATP, and were then mixed together, heated at 
94«C and allowed to slow cool to room temperature to 
form an oligonucleotide linker duplex containing Ndel 
and Kpnl sticky ends. ! The phosphorylated linker duplex 
formed between oligonucleotides #1257-21 and #1257-22 
containing Ndel and Kpnl cohesive ends (see Figure 14A) 
and the Kpnl and BamHI digested and purified PGR product 
generated using oligo primers #1257-20 and #1257-19 (see 
above) was directionally inserted between two sites of 
the plasmid vector pAMG21, namely the Ndel site and 
BamHI site, using standard recombinant DNA methodology 
(see Figure 14A and sequences below) . The synthetic 
linker utilized £. cg^j codons and provided for a 
N-terminal methionine. 
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Two clones were selected and plasmid DNA 
isolated, and the human OPG insert was subsequently DNA 
sequence confirmed. The resulting pAMG21 plasmid 
containing amino acids 32-401 of the human OPG 
polypeptide iamediately preceded in frame by a 
methionine is referred to as pAMG21-huOPG met [32-401) or 
PAMG2 1-huOPG met [32-401]. 

01igo#1257-19 

5 '-TACGCACTGGATCCTTATAAGCAGCTTATTTTTACTGATTGGAC-S • 
(SEQ ID NO: 59) 

01igo#12S7-2G 

5'-GTCCTCCTGGTACCTACCTAA?VACAAC-3' (SEQ ID NO: 60) 
Oligo#1257-21 

5 • -TATGGATGAAGAAACTTCTCATCAGCTGCTGTGTGATAAATGTCC 
GCCGGGTAC -3^ (SEQ ID NO: 61) 

01igo#1257-22 

5 • -CCGGCGGACATTTATCACACAGCAGCTGATGAGAAGTTTCTTCATCCA-3 ' 
(SEQ ID NO: 47) 

Cultures of pAMG21-huOPG met [32-401] in £^ 
2211 GM120 in 2XYT media containing 20 jig/ml kanamycin 
were incubated at 30«'C prior to induction. Induction of 
huOPG met [32-401 J gene product expression from the luxPR 
promoter was achieved following the addition of the 
synthetic autoinducer N- (3-oxohexanoyl) -DL-homoserine 
lactone to the culture media to a final concentration of 
30 ng/mi and cultures were incubated at either 30*c or 
37<»c for a further 6 hours. After 6 hours, the 
bacterial cultures were examined by microscopy for the 
presence of inclusion bodies and were then pelletted by 
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cencrifugation. Refractile inclusion bodies were 
observed in induced cultures indicating that some of the 
recombinant huOPG met [32-401] gene product was produced 
insolubly in £. CQli.' Some bacterial pellets were 
resuspended in lOmM Tris-KCl/pH8, ImM EDTA and lysed 
directly by addition of 2X Laemlli sample buffer to IX 
final, and p-mercaptoethanol to 5% final concentration, 
and analyzed by SDS-PAGE. A substantially more intense 
coomassie stained band of approximately 423cDa was 
observed on a SDS-PAGE gel containing total cell lysates 
of 30°C and 37«C induced cultures versus lane 2 which is 
a total cell lysate of a 30''C uninduced culture (Figure 
14B) . The expected gene product would be 370 amino 
acids in length and have an expected molecular weight of 
15 about 42.2 )cDa. Following induction at 37«C for 6 
hours, an additional culture was pelleted and either 
processed for isolation of inclusion bodies (see below) 
or processed by micro fluidizing. The pellet processed 
for microfluidizing was resuspended in 25mM Tris- 
HCl/pHS, 0.5M NaCl buffer and passed 20 times through a 
Micro fluidizer Model 1108 (Microf luidics Corp.) and 
collected. An aliquot was removed of the collected 
sample (microfluidized total lysate) , and the remainder 
was pelleted at 20,000 x g for 20 minutes. The 
25 supernatant following centrifugation was removed 
(microfluidized soluble fraction) and the pellet 
resuspended in a 2SmM Tris-HCl/pH8, 0.5M NaCl, 6M urea 
solution (microfluidized insoluble fraction) . To an 
aliquot of either the total soluble, or insoluble 
fraction was added to an equal volume of 2X Laemalli 
sample buffer and 3-mercaptoethanol to 5% final 
concentration. The samples were then analyzed by 
SDS-PAGE. A significant amount of recombinant huOPG ' 
metC32-40l] gene product appeared to be found in t.he 
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insoluble fraction. To purify the recombinant protein 
inclusion bodies were purified as follows: Bacterial 
cells were separated from media by density gradient 
centrifugation in a BeOcman J-6B centrifuge equipped 
with a JS-4.2 rotor at 4,900 x g for 15 minutes at 4«C. 
The bacterial pellet was resuspended in 5 ml of water 
and then diluted to a final volume of 10 ml with water. 
This suspension was transferred to a stainless steel cup 
cooled in ice and subjected to sonic disruption using a 
Branson Sonifier equipped with a standard, tip (power 
secting»5, duty cycle=95%, 30 bursts) . The sonicated 
cell suspension was centrifuged in a Becianan Optima TLX 
ultracentrifuge equipped with a TLA 100.3 rotor at 
195,000 X g for 5 to 10 minutes at 23"*C. The 
supernatant was discarded and the pellet rinsed with a 
scream of water from a squirt bottle. The pellets were 
collected by scraping with a micro spatula and 
transferred to a glass homogenizer (15 mi capacity) . 
Five ml of Percoll solution (75% liquid Percoil, 0.15 M 
sodium chloride) was added to the homogenizer and the 
contents are homogenized until uniformly suspended. The 
volume was increased to 19.5 ml by the addition of 
Percoll solution, mixed, and distributed into 3 Beckman 
QuicJc-Seal tubes (13 x 32 mm) . Tubes were sealed 
according to manufacturers instructions. The tubes were 
spun in a BecJanan TLA 100.3 rotor at 23'C, 20,000 rpm 
(21,600 X g), 30 minutes. The tubes were examined for 
the appropriate banding pattern. To recover the 
refract ile bodies, gradient fractions were recovered and 
pooled, then diluted with water. The inclusion bodies 
were pelleted by centrifugation, and the protein 
concentration estimated following SDS-PAGE. 

An aliquot of inclusion bodies isolated as 
described below was dissolved into ix Laemlli sample 
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buffer with 5% p-mercaptoethanol and resolved on a SDS- 
PAGS gel and the isolated inclusion bodies provide a 
highly purified recombinant huOPG [32-401 ] gene product* 
The major -42 WDa band observisd after resolving 
5 inclusion bodies on a SDS-polyacrylamide gel was excised 
from a separate gel and the N-terminal amino acid 
sequence determined essentially as described (Matsudaira 
et al. J. Biol. Chem, 2^2. 10-35 (1987)), The following 
sequence was determined after 19 cycles: 

10 

NH2 -MDEETSHQLLCDKCPPGTY-COOH (SEQ ID NO: 62) 

This sequence was found to be identical to the first 19 
amino acids encoded by the pAMG21 Hu-OPG met [32-401] 
15 expression vector, produced by a methionine residue 
provided by the bacterial expression vector. 

A DNA sequence coding for an N-terminal 
20 methionine and amino acids 22 through 401 of human OPG 
was placed under control of the luxPR promoter in a 
prokaryotic plasmid expression vector pAMG21 as follows. 
Isolated plasmid DNA of pAMG21-huOPG met [32-401] (see 
Section B) was cleaved with Kpnl and BamHI restriction 
25 endonucleases and the resulting fragments were resolved 
oa an agarose gel. The B fragment (-10 64 bp fragment) 
was isolated from the gel using standard methodology. 
Synthetic oligonucleotides (oligos) #1267-06 and #1267- 
07 were phosphorylated individually and allowed to form 
30 an oligo linker duplex, which contained Ndel and Kpnl 
cohesive ends, using methods described in Seer ion 3. 
The synthetic linker duplex utilized call codons and 
provided for an N-terminal methionine. The 
phosphorylated oligo linker containing Ndel and Kpnl 



wo 97/33614 



PCT/'L'S9«/20621 



- 84 - 

cohesive ends and the isolated -1064 bp fragment of 
pAMG21-huOP met [32-401] digested with Kpnl and Bamfil 
restriction endonucleases were directionally inserted 
between the Ndel and BamHI sites of pAMG21 using 
5 standard recombinant DNA methodology. The ligation 
mixture was transformed into coll host 393 by 
electroporation utilizing the manufacturer's protocol. 
Clones were selected, plasmid DNA was isolated, and DNA 
sequencing was performed to verify the DNA sequence of 
10 the huOPG-met C22-401I gene. 

Oligo #1267-06 
5 '-TAT GGA AAC TTT TCC TCC AJVA ATA TCT TCA TTA TGA TGA 
AGA AAC TTC TCA TCA GCT GCT GTG TGA TAA ATG TCC GCC GGG 
15 TAC-3' (SEQ ID NO:63) 

Oligo #1267-07 
5'-CCG GCG GAC ATT TAT CAC ACA GCA GCT GAT GAG AAG TTT 
CTT CAT CAT AAT GAA GAT ATT TTG GAG GAA AAG TTT CCA-3 ' 
20 (SEQ ID NO: 64) 

Cultures of pAMG21-huOPG-met [22-401] in £^ 
SOIL host 393 were placed in 2XYT media containing 20 
fig/ml Jcanamycin and were incubated at 30"*C prior to 

25 induction. Induction of recombinant gene product 

expression from the luxPR promoter of vector pAMG21 was 
achieved following the addition of the synthetic 
autoinducer N- (3-oxohexanoyl) -DL-horaoserine lactone to 
the culture media to a final concentration of 30 ng/ml 

30 and incubation at either 30«C or 37*'C for a further 6 
hours. After 6 hours, bacterial cultures were pelleted 
by centrifugation (-30«C 1+6 or 37"'C 1+6) . Bacterial 
cultures were also either pelleted just prior to 
induction (-30*'C Prel) or alternatively no autoinducer 
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was added to a separate culture which was allowed to 
incubate at SO'C for a further 6 hours to give an 
uninduced <UI) culture (-SCC UI) . Bacterial pellets of 
either 30*0 Prel, 30'C UI, 30*0 1^6, or 37*C 1 + 6 
5 cultures were resuspended, lysed, and analyzed by SDS- 
polyacrylamide gel electrophoresis (PAGE) as described 
in Section B. Polyacryl amide gels were either stained 
with coomassie blue and/or Western transferred to 
nitrocellulose and immtm op robed with rabbit anti-mu 
10 OPG-Fc polyclonal antibody as described in Example 10. 
The level of gene product following induction compared, 
to either an uninduced (30*0 UI) or pre-induction {30*C 
Prel) sample. 



15 D. NMrinf> OPn morr?2-4nn 

A DNA sequence coding for an N-terminal 
methionine and amino acids 22 through 401 of the murine 
(tnu) OPG (OPG) polypeptide was placed under control oi; 
the luxPR promoter in a prokaryotic plasmid expression 

20 vector pAMG21 as follows. PGR was performed using 
oligonucleotides »1257-16 and #1257-15 as primers, 
plasmid pRcCMV-Mu OPG DNA as a template and 
thermocycling conditions as described in Section B. The 
PGR product was purifiisd and cleaved with Kpnl and BamHI 

25 restriction endonucleases as described in Section B. 
Synthetic oligos #1260-61 and #1260-82 were 
phosphorylated individually and allowed to form an oligo 
linker duplex with Ndel and Kpnl cohesive ends using 
methods described in Section B. The synthetic linker 

30 duplex utilized gall codons and provided for an N- 
terminal methionine. The phosphorylated linker duplex 
formed between oligos #1260-61 and #1260-82 containing 
Ndel and Kpnl cohesive ends and the Kpnl and BamHI 
digested and purified E^CR product generated using oligo 
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primers #1257-16 and #1257-15 were directionaily 
inserted between the Ndel and BamHl sites of pAMG21 
using standard methodology. The ligation mixture was 
transformed into £^ solL host 393 by electroporation 
utilizing the manufacturer's protocol. Clones were 
selected, plasmid DMA was isolated, and DNA sequencing 
was performed to verify the DNA sequence of the MuOPG 
met f 22-401 J gene. 

Expression of recombinant muOPG met [22-401] 
polypeptide from cultures of 393 cells harboring plasmid 
PAMG21-MU0PG met [22-401] following induction was 
determined using methods described in Section C, 

Oligo #1257-15 

5 '-TAG GCA CTG GAT CCT TAT AAG CAG CTT ATT TTC ACG 
GAT TGA AC-3' (SEQ ID NO: 65) 

Oligo #1257-16 

5 • -GTG CTC CTG GTA CCT ACC TAA AAC AGC ACT GCA CAG 
20 TG-3' (SEQ ID NO: 66) 

Oligo #1260-61 

5 '-TAT GGA AAC TCT GCC TCC AAA ATA CCT GCA TTA CGA 
TCC GGA AAC TGG TCA TCA GCT GCT GTG TGA TAA ATG TGC TCC 
25 GGG TAC-3' (SEQ ID NO: 67) 

Oligo #1260-82 

S'-CCG GAG CAC ATT TAT CAC ACA GCA GCT GAT GAC CAG 
TTT CCG GAT CGT AAT GCA GGT ATT TTG GAG GCA GAG TTT CCA- 
30 3' (SEQ ID NO: 68) 

A DNA sequence coding for an N-terminai 
methionine and amino acids 32 through 401 of murine OPG 
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was placed under control of the iuxPR promoter in a 
proJcaryotic plasmid expression vector pAMG21 as follows. 
To accomplish this. Synthetic oligos #1267-08 and #1267- 
09 were phosphorylated individually and allowed to form 
an oligo linker duplex using methods described in 
Section B. The synthetic linker duplex utilized £^ eon 
codons and provided for an N-terminal methionine. The 
phosphorylated linker duplex formed between oligos 
#1267-08 and #1267-09 containing Ndel and Kpnl cohesive 
ends, and the Kpnl and BamHI digested and purified PCR 
product described earlier (see Section D) , was 
directionally inserted between the Ndel and BamHI sites 
of pAMG21 using standard methodology. The ligation 
mixture was transformed into £Lu col ^ host 3 93 by 
15 electroporation utilizing the manufacturer's protocol. 
Clones were selected, plasmid DNA was isolated, and DMA 
sequencing was performed to verify the DNA sequence of 
the muOPG-raet [32-401] gene. 

Expression of recombinant muOPG-met 132-4 01] 
polypeptide from cultures of 393 cells harboring the 
PAMG21 recombinant plasmid following induction was 
determined using methods described in Section c. 

Oligo #1267-08 

25 5 '-TAT GGA CCC AGA AAC" TGG TCA TCA GCT GCT GTG TGA 

TAA ATG TGC TCC GGG TAC-3' {SEQ ID NO: 69) 

Oligo #1267-09 

5'-CCG GAG CAC ATT TAT CAC ACA GCA GCT GAT GAC CAG 
30 TTT CTG GGT CCA-3' (SEQ ID NO: 70) 
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F. Mn^in,a npr: m«.^-^ r 7^,^^^ ^ 

A DNA sequence coding for an N-cerminal 
methionine followed by a lysine residue and amino acids 
22 through 401 of murine. OPG was placed under control of 
the lux PR promoter in pro)caryotic expression vector 
PAMG21 as follows. Synthetic oligos #1282-95 and #1282- 
96 were phosphorylated individually and allowed to form 
an oligo linker duplex using methods described in 
Section B. The synthetic linker duplex utilized £1^ sslLL 
codons and provided for an N- terminal methionine. The 
phosphorylated linker duplex formed between oligos 
#1282-95 and #1282-96 containing Ndel and Kpnl cohesive 
ends and the Kpnl and BamHI digested and purified PGR 
product described in Section D was directionally 
inserted between the Ndel and BamHI sites in pAMG21 
using standard methodology. The ligation mixture was 
transformed into £L. call host 393 by electroporation 
utilizing the manufacturer's protocol. Clones were 
selected, plasmid DNA was isolated, and DNA sequencing 
was performed to verify the DNA sequence of the MuOPG— 
Met-Lys [22-401] gene. 

Expression of recombinant MuOPG Met-LysI22- 
401] polypeptide from transformed 393 cells harboring 
the recombinant pAMG21 plasmid following induction was 
25 determined using methods described in Section C. 

Oligo #1282-95 

5 '-TAT GAA AGA AAC TCT GCC TCC AAA ATA CCT GCA TTA 
CGA TCC GGA AAC TGG TCA TCA GCT GCT GTG TGA TAA ATG TGC 
30 TCC GGG TAC-3' (SEQ ID NO: 71) 
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Oligo #1282-96 

5'-CCG GAG CAC ATT TAT CAC ACA GCA GCT GAT GAG GAG 
TTT CCG GAT CGT AAT GCA GGT ATT TTG GAG GCA GAG TTT CTT 
TCA-3' (SEQ ID NO: 72) 

G. M»ir-jn>» OPC, mor- T v^- ^h^ ^ t -, r22-4f)n 

A DNA sequence coding for N-terminal residues 
Met-Lys-His-His-His-His-His-His-His (=MKH) followed by 
amino acids 22 through 401 of Murine OPG was placed 
under control of the lux PR promoter in prokaryotic 
expression vector pAMG21 as follows. PGR was performed 
using oligonucleotides #1300-50 and #1257-15 as primers 
and plasmid pAMG21-muOPG-met (22-401 ] DMA as template. 
Thermocycling conditions were as described in Section B. 
The resulting PCR sample was resolved on an agarose gel, 
the PCR product was excised, purified, cleaved with Ndel 
and BamHI restriction endonucleases and purified. The 
Ndel and BamHI digested and purified PCR product 
generated using oligo primers #1300-50 and #1257-15 was 
directional ly inserted between the Ndel and BamHI sites 
of PAMG21 using standard DNA methodology. The ligation 
mixture was transformed into £^ eoii host 393 by 
electroporation utilizing the manufacturer's protocol. 
Clones were selected, plasmid DNA was isolated, and DNA 
sequencing performed to verify the DNA sequence of the 
muOPG-MKHf22-401) gene. 

Expression of recombinant MuOPG-MKH [22-401] 
polypeptide from transformed 393 cultures harboring the 
recombinant pAMG21 plasmid following induction was 
determined using methods described in Section C. 
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Oligo #1300-50 

5'-GTT CTC CTC ATA TGA AAC ATC ATC ACC ATC ACC ATC 
ATG AAA CTC TGC CTC CAA AAT ACC TGC ATT ACG AT-3 • (S'Q 
ID NO: 73) 



Oligo #12S7-15 
(see Section D) 

A DNA sequence coding for a N-terminal mec- 
lys, amino acids 22 through 401 murine OPG, and seven 
histidine residues following amino acid 401 (=rauOPG 
MKC22-401J-H7), was placed under control of the lux PR 
promoter in prolcaryotic expression vector pAMG21 as 
follows. PGR was performed using oligonucleotides 
#1300-49 and #1300-51 as primers and pAMG21-muOPG 
met [22-401] DHA as template. Thermocycling conditions 
were as described in Section B. The resulting PGR 
sample was resolved on an agarose gel, the PGR product 
was excised, purified, restricted with Ndel and BamHI 
restriction endonucleases, and purified. The Ndel and 
SamHI digested and purified PGR product was 
directionally inserted between the Ndel and BamHI sites 
in PAMG21 using standard methodology. The ligation was 
transformed into fi. cqH host 39y by electroporation 
utilizing the manufacturer's protocol. Clones were 
selected, plasmid DNA was isolated, and DNA sequencing 
was performed to verify the DNA sequence of the muOPG 
MKt22-401]-H7 gene. 

Expression of the recombinant muOPG 
MK-t22-40l]-H7 polypeptide from a transformed 393 cells 
harboring the recombinant pAMG21 plasmid following 
induction was determined using methods described in 
Section C. 
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Oligo #1300-49 

5'-GTT CTC CTC ATA TGA AAG AAA CTC TGC CTC CAA AAT 
ACC TGC A-3' (SEQ ID NO: 74) 

Oligo #1300-51 

5 '-TAG GCA CTG GAT CCT TAA TGA TGG TGA TGG TGA TGA 
TGT AAG GAG CTT ATT TTC ACG GAT TGA ACC TGA TTC CCT A-3' 
(SEQ ID NO:75) 

A DNA sequence coding for a N-terminal 
methionine and amino acids 27 through 401 of murine OPG 
was placed under control of the lux PR promoter of 
prokaryotic expression vector pAMG21 as follows. PGR 
was performed with oligonucleotides #1309-74 and 
#1257-15 as primers and plasmid pAMG21-muOPG-met (22-4 01 ] 
DNA as template. Thermocycling conditions were as 
described in Section B. The resulting PCR sample was 
resolved on an agarose gel, the PCR product was excised, 
purified, cleaved with Ndel and BamHI restriction 
endonucleases, and purified. The Ndel and BamHI 
digested and purified PCR product was directionally 
inserted between the Ndel and BamHI sites of pAMG21 
using standard methodology. The ligation mixture was 
transformed into E- f?Bl^ host 393 by electroporation 
utilizing the manufacturer's protocol. Clones were 
selected, plasmid DNA was isolated, and DNA se^encing 
was performed to verify the DNA seque.nce of the 
muOPG-met [27-401] gene. 

Expression of recombinant muOPG-met [27-401] 
polypeptide from a transfected 393 culture harboring the 
recombinant pAMG21 plasmid following induction was 
determined using methods described in Section C. 
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Oligo#1309-74 

5'-GTT CTC CTC ATA TGA AAT ACC TGC ATT ACG ATC CGG 
AAA CTG GTC AT-3' (SSQ ID NO: 76) 

01igo#1257-15 
{See Section D) 

A DNA sequence coding for a N-cerminal 
methionine and amino acids 27 through 401 of human OPG 
was placed under control of the lux PR promoter of 
prokaryotic expression vector pAMG21 as follows. PGR 
was performed using oligonucleotides #1309-75 and #1309- 
15 76 as primers and plasmid pAMG21-huOPG-met [22-401] DNA 
as template. Thermocycling conditions were as descrihed 
in Section B. The resulting PGR sample was resolved on 
an agarose gel, the PGR product was excised, purified, 
restricted with Asel and BamHI restriction 
20 endonudeases, and purified. The Asel and BamHI 
digested and purified PGR product above was 
directionally inserted between the Ndel and BamHI sites 
of PAMG21 using standard methodology. The ligation 
mixture was transformed into a*, eoii host 393 by 
25 electroporation utilizing the manufacturer's protocol. 
Clones were selected, plasmid DNA was isolated, and DNA 
sequencing was performed to verify the DNA sequence of 
the huOPG-met [27-4011 gene. 

Expression of the recombinant huOPG-met [ 27- 
401) polypeptide following induction of from trans fected 
393 cells harboring the recombinant pAMG21 plasmid was 
determined using methods described in Section C. 
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Oligo #1309-75 

5'-GTT CTC CTA TTA ATG AAA TAT CTT CAT TAT GAT GAA 
GAA ACT T-3' (SEQ ID NO: 77) 

5 

Oligo »1309-76 

5* -TAG GCA CTG GAT CCT TAT AAG CAG CTT ATT TTT ACT 
GAT T-3' (SEQ ID NO:78) 

10 K, MnrinP Opn m^^.f 77^1^0} 

A DNA sequence ceding for a N-terminal 
methionine and amino acids 22 through 180 of murine OPG 
was placed under control of the lux PR promoter of 
prokaryotic expression vector pAMG21 as follows. PGR 

15 was performed with oligonucleotides #1309-72 and #1309- 
73 as primers and plasmid pAMG21-muOPG-met [22-401 ] DNA 
as template. Therraocycling conditions were as described 
in Section B. The resulting PCR sample was resolved on 
an agarose gel, the PCR product was excised, purified, 

20 restricted with Ndel and BamHI restriction 

endonucleases, and purified. The Ndel and BamHI 
digested and purified PCR product above was 
direct ionally inserted between the Ndel and BamHI sites 
of PAMG21 using standard methodology. The ligation was 

25 transformed into cnlL host 393 by elect roporat ion 
utilizing the manufacturer's protocol. Clones were 
selected, plasmid DNA was isolated, and DNA sequencing 
was performed to verify the DNA sequence of the muOPG- 
met [22-180] gene. 

30 Expression of recombinant muOPG-met [22-180] 

polypeptide from transformed 393 cultures harboring the 
recombinant pAMG21 plasmid following induction was 
determined using methods described in Section C. 
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Oligo #1309-72 

5 • -G7T CTC CTC ATA TGG AAA CTC TGC CTC CAA AAT ACC 
TGC A-3' (SEQ ID NO: 79) 

Oligo #1309-73 

5'-TAC GCA CTG GAT CCT TAT GTT GCA TTT CCT TTC TGA 
ATT AGC A-3' (SEQ ID NO: 80) 

A DNA sequence coding for a N-terminal 
methionine and amino acids 27 through 180 of murine OPG 
was placed under the control of the lux PR promoter of 
prokaryotic expression vector pA>fG21 as follows. ?CR 
was performed using oligonucleotides #1309-74 (see 
15 section I) and #1309-73 (see Section K) as primers and 
plasmid pAMG21-muOPG metC22-401] DNA as template. 
Thermocycling conditions were as described in Section B. 
The resulting PCR sample was resolved on an agarose gel, 
the PGR product excised, purified, restricted with Ndel 
and BamHI restriction endonucl eases, and purified. The 
Ndel and BamHI digested and purified PGR product aisove 
was directionaily inserted between the Ndel and BamHI 
sites in pAMG2l using standard methodology. The 
ligation mixture was transformed into £^ eoii host 393 
25 by eleccroporation utilizing the manufacturer's 
protocol. Clones were selected, plasmid DNA was 
isolated, and DNA sequencing was performed to verify the 
DNA sequence of the muOPG met [27-1801 gene. 

Expression of recombinant muOPG met (27-180] 
polypeptide from cultures of transformed 393 cells 
harboring the recombinant pAMG21 plasmid following 
induction was determined using methods described in 
Section C. 
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M. VMriro n^n ^Arr72-199] ^nd mot: f 22-1^41 

A DNA sequence coding for a N-terminal 
methionine and either amino acids 22 through 13 9, or 22 
through 194 of murine OPG was placed under control of 
5 the lux PR promoter of proJcaryotic expression vector 
pAMG21 as follows. The pair of synthetic 
oligonucleotides #1337-92 and #1337-93 (=»muOPG-139 
linker) or #1333-57 and #1333-58 (=muOPG-194 linker) 
were phosphorylated individually and allowed to form an 
10 oligo linker duplex pair using methods described in 

Section B. Purified plasmid DNA of pAMG21-muOPG-met [22- 
401] was cleaved with Kpnl and BspEI restriction 
ehdonucleases and the resulting DNA fragments were 
resolved on an agarose gel- The -413 bp B fragment was 
15 isolated using standard recombinant DNA methodology. 

The phosphorylated oligo linker duplexes formed between 
either oligos #1337-92 and #1337-93 (muOPG-189 linker) 
or oligos #1333-57 and #1333-58 (muOPG-194 linker) 
containing BspEI and BamHI cohesive ends, and the 
20 isolated -413 bp B fragment of plasmid pAMG21-muOPG- 
met [22-401] digested with Kpnl and BspEI restriction 
endonucleases above, was directionally inserted between 
the Kpnl and BamHI sites of pAMG21-muOPG met [22-401] 
using standard methodology. Each ligation mixture was 
25 transformed into call host 393 by electroporation 
utilizing the manufacturer's protocol. Clones were 
selected, plasmid DNA was isolated, and DNA sequencing 
was performed to verify the DNA sequence of either the 
muOPG-met [22-189] or muOPG-met [22-194 ] genes. 

Expression of recombinant muOPG-met [22-139] 
and muOPG-met [22-194] polypeptides from recombinant 
pAMG2l plasmids transformed i.ato 393 cells was 
determined using methods described in Section C. 
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Oligo #1337-92 

5'-CCG GAA ACA GAT AAT GAG-3 ' (SEQ ID NO: 31) 
Oligo #1337-93 

5'-GAT CCT CAT TAT CTG TTT-3 ' (SEQ ID NO:82) 
Oligo #1333-57 

5 • -CCG GAA ACA GAG AAG CCA CGC AAA AGT AAG-3 ' 
(SEQ ID NO: 83) 

Oligo #1333-58 

5 '-GAT CCT TAG TTT TGC GTG GCT TCT CTG TTT-3' 
(SEQ ID NO:34) 

A DNA sequence coding for a N-terminal 
methionine and either amino acids 27 through 189, or 27 
through 194 of murine OPG was placed under control of 
the lux PR promoter of prokaryotic expression vector 
20 PAMG21 as follows. Phosphorylated oligo linkers either 
-muOPG.l89 linker- or -muOPG-194 linker" (see Section M) 
containing BspEI and BaaiHI cohesive ends, and the 
isolated -413 bp B fragment of plasmld pAMG21-muOPG- 
met(22-401I digested with Kpnl and BspEI restriction 
endonucleases were directionaliy inserted between the 
Kpnl and BaaHI sites of plasmid pAMG21-muOPG-met [27-401] 
using standard methodology. Each ligation was 
transformed into S. ggU host 393 by electroporation 
utilizing the manufacturer's protocol. Clones were 
selected, plasmid DNA was isolated, and. dna sequencing 
was performed to verify the DNA sequence of either the 
muOPG met(27-l89] or muOPG met(27-l94] genes. 

Expression of recombinant muOPG met [27-1891 
and muOPG met [27-194] following induction of 393 ceils 
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harboring recombinant pAMG21 piasmids was determined 
using methods described in Section C. 

5 A DMA sequence coding for a N-terminal 

methionine and either amino acids 22 through 135r 22 
through 18 9, or 22 through 194 of the human OPG 
polypeptide was placed under control of the lux PR 
promoter of prokaryotic expression vector pAMG21 as 

10 follows. The pair of synthetic oligonucleotides #1331- 
87 and #1331-88 (-huOPG-iSS linker), #1331-89 and #1331- 
90 (=huOPG-189 linker), or #1331-91 & #1331-92 (=huOPG- 
194 linker) were phosphorylated individually and each 
allowed to form an oligo linker duplex pair using 

IS methods described in Section B. Purified plasmid DMA of 
pA^fG21-huOPG-met (27-4011 was restricted with Kpnl and 
Ndel restriction endonucleases and the resulting DNA 
fragments' were resolved on an agarose gel. The -407 bp 
B fragment was isolated using standard recombinant DNA 

20 methodology. The phophorylated oligo linker duplexes 
formed between either oligos #1331-87 and #1331-88 
(huOPG-iaS linker)^ oligos #1331-89 and #1331-90 (huOPG- 
189 linker)/ or oligos #1331-91 and #1331-92 (huOPG-194 
linker) [eacli linker contains Ndel and BamKI cohesive 

25 ends), and the isolated -407 bp B fragment of plasmid 
pAMG21-huOPG-met [27-401] digested with Kpnl and Ndel 
restriction endonucleases above, was directionally 
inserted between the Kpnl and BamHI sites of plasmid 
pAMG21-huOPG-met (22-4011 using standard methodology. 

30 Each ligation was transformed into £^ goli host 3 93 by 
electroporation utilizing the manufacturer's protocol. 
Clones were selected, plasmid DNA was isolated, and DNA 
sequencing was performed to verify the DNA sequence of 
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either the huOPG-mec (22-185] , huOPG-met [22-139) , or 
huOPG -met [22-194] genes. 

Expression of recombinanc huOPG-met [22-185] , 
huOPG-met [22-189] or huOPG-raet (22-194 ] in transformed 
3 93 ceils harboring recombinant pAMG2l plasmids 
following induction was determined using methods 
described in Section c. 

Oligo #1331-87 

5 '-TAT GTT AAT GAG-3' (SEQ ID NO: 85) 
Oligo #1331-88 

5 '-GAT CCT CAT TAA CA-S ' (SEQ ID NO: 86) 
Oligo #1331-39 

5' -TAT GTT CCG GAA ACA GTT AAG-3* (SEQ ID NO: 87) 
Oligo #1331-90 

5 '-GAT CCT TAA CTG TTT CCG GAA CA-3 ' (SEQ ID NO: 88) 
Oligo #1331-91 

5 '-TAT GTT CCG GAA ACA GTG AAT CAA CTC AAA AAT 
AAG-3' (SEQ ID NO: 89) 

Oligo #1331-92 

5 '-GAT CCT TAT TTT TGA GTT GAT TCA CTG TTT CCG GAA 
CA-3' (SEQ ID NO: 90) 

P. Human OPf? mAi- r?7-t a^l . mol- r27~1 flgi . m^r (27-1941 

A DNA sequence coding for a N-terninal 
methionine and either amino acids 27 through 185, 27 
through 189, or 27 through 194 of the human OPG 
polypeptide was placed under conTol of the lux PR 
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promoter of prolcaryotic expression vector pAMG21 as 
follows. Phosphorylated oligo linkers "huOPG-135 
linker", "huOPG-lSg linker", or "huOPG-194 linker" (See 
Section O) each containing Ndel and BamHI cohesive ends, 
5 and the isolated -407 bp B fragment of plasmid pAMG21- 
huOPG-met [27-401] digested with Kpnl and Ndel 
restriction endonucleases {See Section 0) were 
directionally inserted between the Kpnl and BamHI sites 
of plasmid pA^fG2I-huOPG-met [27-401] (See Section J) 

10 ' using standard methodology. Each ligation was 

transformed into JL. goll host 393 by elect roporat ion 
utilizing the manufacturer's protocol. Clones were 
selected, plasmid DNA isolated, and DNA sequencing 
performed to verify the DNA sequence of either the 

IS huOPG-met (27-185] , huOPG-met C27-139] / or huOPG-met [27- 
194] genes. 

Expression of recombinant huOPG^met C27-iaS] , 
huOPG-met (27-1891 , and huOPG-met [27-194] from 
recombinant pAMG21 plasmids transformed into 393 cells 
20 was determined using methods described in Section C. 

Q, ^fu^i^ft OPG mfttr27-4011 fP33Si Gi^gg, MSP) 

A DNA sequence coding for an N- terminal 
methionine and amino acids 27 through 48 of human OPG 
followed by amino acid residues 49 through 401 of murine 
OPG was placed under control of the lux PR promoter of 
prokaryotic expression vector pAMG21 as follows. 
Purified plasmid DNA of pAMG21-huOPG-met [27-401] (See 
Section J) was cleaved with Aatll and Kpnl restriction 
endonucleases and a -1075 bp B fragment isolated from an 
agarose gel using standard recombinant DNA methodology- 
Additionally, plasmid pAMG21-muOPG-met [22-401] DNA (See 
Section D) was digested with Kpnl and BamKI restriction 



25 
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endonucleases and the -10 S4 bp 3 fragment isolated as 
described above. The isolated -1075 bp pAMG21-huOPG- 
met:C27-401] restriction fragment containing Aatll & Kpnl 
cohesive ends (see above), the -1064 bp pAMG21-muOPG- 
5 met (22-401 J restriction fragment containing Kpnl and 
BaxnHI sticJcy ends and a -5043 bp restriction fragment 
containing Aatll and BamHI cohesive ends and 
corresponding to the nucleic acid sequence of pAMG21 
between Aatll & BamHI were ligated using standard 

10 recombinant DNA methodology. The ligation was 

transformed into £^ saLL host 393 by electroporation 
utilizing the manufacturer's protocol. Clones were 
selected, and the presence of the recombinant insert in 
the plasmid verified using standard DNA methodology. 

15 muOPG-27-401 (P33E, G36S, A45P) gene. Amino acid 

changes in muOPG from proline-33 to glutamic acid-33, 
glycine-36 to serine-36, and alanine-45 to proline-45, 
result from replacement of muOPG residues 27 through 48 
with huOPG residues 27 through 48. 

20 Expression of recombinant muOPG-met C27-401] 

(P33E, G36S, A45P) from transformed 393 cells harboring 
the recombinant pAMG21 plasmid was determined using 
methods described in Section C. 

25 

A DNA sequence coding for an N-terminal His 
tag and enterokinase recognition sequence which is (NH2 
30 to COOH terminus) : Met-Lys-His-His-His-His-His-His-His- 
Ala-Ser-Asp-Asp-Asp-Asp-Lys (-HEK) , followed by amino 
acids 22 through 401 of the murine OPG polypeptide was 
placed under control of the lae repressor regulated ?s4 
promoter as follows. pAMG22-His (See Section A) was 
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digested with Nhel and BamHI restriction endonucleases, 
and the large fragment (the A fragment) isolated from an 
agarose gel using standard recombinant DNA methodology. 
Oligonucleotides #1282-91 and #1232-92 were 
5 phosphorylated individually and allowed to form an oligo 
linker duplex using methods previously described (See 
Section B) . The phosphorylated linker duplex formed 
between oligos #1282-91 and #1282-92 containing Nhel and 
Kpnl cohesive ends^ the Kpnl and BamHI digested and 
10 purified PGR product described (see Section D) , and the 
A fragment of vector pAMG22-His digested with Nhel and 
BamHI were ligated using standard recombinant DNA 
methodology. The ligation was transformed into £^ col 
host GM120 by electroporation utilizing the 
IS manufacrurer's protocol. Clones were selected, plasmid 
DNA isolated and DNA sequencing performed to verify the 
DNA sequence of the muOPG-HEK{22-401 I gene. DNA 
sequencing revealed a spurious mutation in the natural 
muOPG sequence that resulted in a single amino acid 
20 change of Alanine-45 of muOPG polypeptide to a 
Threonine. 

Expression of recombinant muOPG-HEK [22-401] 
(A4ST) from GM120 cells harboring the recombinant pA>fG21 
plasmid was determined using methods similar to those 
2S described in Section C, except instead of addition of 
the synthetic autoinducer^ IPTG was added to 0.4 mM 
final to achieve induction. 

Oligo #1282-91 

30 5'-CTA GCG ACG ACG ACG ACA AAG AAA CTC TGC CTC CAA 

AAT ACC TGC ATT ACG ATC CGG AAA CTG GTC ATC AGC TGC TGT 
GTG ATA AAT GTG CTC CGG GTA C-3 ' (SEQ ID NO: 91) 
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Oligo #1232-92 

5 • -CCG GAG CAC ATT TAT CAC ACA GCA GCT GAT GAC GAG 
TTT CCG GAT CGT AAT GCA GGT ATT TTG GAG GCA GAG TTT CTT 
5 TGT CGT CGT CGT CG-3' (SEQ ID NO: 92) 

S. Human QPG mpr-^rcr-ffl v.cot- ;>; ?- ^^^T ^ 

Eight oligonucleotides (1338-09 to 1338-16 
shown below) were designed Co produce a 17S base 
fragment as overlapping, double stranded DNA. The 
oligos were annealed, ligated, and the 5' and 3' oligos 
were used as PCR primers to produce large quantities of 
the 175 base fragment. The final PCR gene products were 
digested with restriction endonucleases Clal and Kpnl to 
15 yield a fragment which replaces the N-tenninal 28 codons 
of human OPG. The Clal and Kpnl digested PCR product 
was inserted into pAMG21-huOPG [27-4011 which had also 
been cleaved with Clal and Kpnl. Ligated DNA was 
transformed into competent host cells of fi. eoli strain 
20 393. Clones were screened for the ability to produce 
the recombinant protein product and to possess the gene 
fusion having the correct nucleotide sequence. Protein 
expression levels were determined from 50 ml shaker 
flask studies. Whole cell lysate and sonic pellet were 
25 analyzed for expression of the construct by Coomassie 

stained PAGE gels and Western analysis with murine anti- 
OPG antibody. Expression of huOPG Met-Arg-Gly-Ser- 
(His)« [22-401] resulting in the formation of large 
inclusion bodies and the protein was localized to the 
30 insoluble (pellet) fraction. 



1338-09 

ACA AAC ACA ATC GAT TTG ATA CTA GA (SEQ ID NO: 93) 
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1333-10 

TTT GT7 TTA ACT AAT TAA AGO AGG AAT AAA ATA TGA GAG GAT CGC ATC AC 

(SEQ ID NO: 94) 
5 1338-11 

CAT CAC CAT CAC GAA ACC TTC CCG CCG AAA TAC CTG CAC TAC GAC GAA GA 

(SEQ ID NO: 95) 
1338-12 

10 AAC CTC CCA CCA GCT GCT GTG CGA CAA ATG CCC GCC GGG TAC CCA AAC A 
(SEQ ID NO: 96) 

1338-13 

TGT TTG GGT ACC CGG CGG GCA TTT GT (SEQ ID NO: 97) 

15 

1338-14 

CGC ACA GCA GCT GGT GGG AGG TTT CTT CGT CGT ACT GCA GGT ATT TCG GC 
(SEQ ID NO: 93) 

20 1338-15 

GGG AAG GTT TCG TGA TGG TGA TGG TGA TGC GAT CCT CTC ATA TTT TAT T 
(SEQ ID NO: 99) 

1338-16 

25 CCT CCT TTA ATT AGT TAA AAC AAA TCT ACT ATC AAA TCG ATT GTG TTT GT 

(SEQ ID NO: 100) 

T, Humi^n OPC. vff f 2?-4Qn anrf m^r ( ly<,) 77-^01} 

To construct the met-lys and met-(lys)3 
30 versions of human OPG(22-4011, overlapping 

oligonucleotides were designed to add the appropriate 
niiinber of lysine residues. The two oligos for each 
construct were designed to overlap, allowing two rounds 
of PGR to produce the final product. The template for 
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the first PGR reaction was a plasmid DMA preparation 
containing the human OPG 22-401 gene. The first PGR 
added the lysine residue (s). The second PGR used the 
product of the first round and added sequence back to 
5 the first restriction site, Clal. 

The final PGR gene products were digested with 
restriction endonucleases Glal and Kpnl, which replace 
the N- terminal 23 codons of hu OPG, and then ligated 
into plasmid pAMG21-hu OPG [27-401] which had been also 
10 digested with the two restriction endonucleases. 

Ligated DNA was transformed into competent host cells of 

call strain 3 93. Glones were screened for the 
ability to produce the recombinant protein product and 
to possess the gene fusion having the correct nucleotide 
15 sequence. Protein expression levels were determined 

from SO mi shaker flask studies. Whole cell lysate and 
sonic pellet were analyzed for expression of the 
construct by Coomassie stained PAGE gels and Western 
analysis with murine anti-OPG antibody. Neither 
20 construct had a detectable level of protein expression 
and inclusion bodies were not visible. The DNA 
sequences were confirmed by DNA sequencing. 

Oligonucleotide primers to prepare Met-Lys huOPG[22- 
25 4011: 

1338^17 

ACA AAC ACA ATC GAT TTG ATA CTA GAT TTG TTT TAA CTA ATT 
AAA GGA GGA ATA AAA TG (SEQ ID NO: 101) 

30 1338-18 

CTA ATT AAA GGA GGA ATA AAA TGA AAG AAA CTT TTC CTC GAA 
AAT ATC (SEQ ID NO: 102) 



1338-20 
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TGT TTG GGT ACC CGG CGG ACA TTT ATC ACA C (SEQ ID 
NO:103) 

Oligonucleotide primers to prepare Met- (Lys) 3-huOPG [22- 
5 401] : 
1338-17 

ACA AAC ACA ATC GAT TTG ATA CTA GAT TTG TTT TAA CTA ATT 
AAA GGA GGA ATA AAA TG {SEQ ID NO: 104) 

10 1338-19 

CTA ATT AAA GGA GGA ATA AAA TGA AAA AAA AAG AAA CTT TTC 
CTC CAA AAT ATC (SEQ ID NO: 105) 

1338-20 

IS TGT TTG GGT ACC CGG CGG ACA TTT ATC ACA C (SEQ ID 
NO:106) 

g. Human r^nci Murin#> OPG f 2^-4011 /Pr^ FncinnQ 

Four OPG-Fc fusions were constructed where the 

20 Fc region of human IgGl was fused at the N-terminus of 
either human or murine Osteoprotegerin amino acids 22 to 
401 (referred to as Fc/OPG [22-4011) or at the C- 
terminus (referred to as OPGI22-4011 /Fc) . Fc fusions 
were constructed using the fusion vector pFc-A3 

25 described in Example 7. 

All fusion genes were constructed using 
standard PCR technology* Template for PCR reactions 
were plasmid preparations containing the target genes. 
Overlapping oligos were designed to combine the 

30 C-terminal portion of one gene with the N terminal 

portion of the other gene. This process allows fusing 
the two genes together in the correct reading frame 
after the appropriate PCR reactions have been performed. 
Initially one "fusion" oligo for each gene was put into 
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a PGR reaction with a universal primer for the vector 
carrying the target gene. The complinjentary "fusion- 
oligo was used with a universal primer to PGR the other 
gene. At the end of this first PGR reaction, two 
separate products were obtained, with each individual 
gene having the fusion site present, creating enough 
overlap to drive the second round of PGR and create the 
desired fusion. In the second round of PGR, the first 
two PGR products were combined along with universal 
primers and via the overlapping regions, the full length 
fusion DMA sequence was produced. 

The final PGR gene produces were digested with 
restriction endonucleases Xbal and BamHI, and then 
ligated into the vector pAMG21 having been also digested 
IS with the two restriction endonucleases. Ligated DMA was 
transformed into competent host cells of E. coii strain 
393. Glones were screened for the ability to produce 
the recombinant protein product and to possess the gene 
fusion having the correct nucleotide sequence. Protein 
expression levels were determined from 50 ml shaker 
flask studies. Whole cell lysate, sonic pellet, and 
supernatant were analyzed for expression of the fusion 
by Coomassle stained PAGE gels and Western analysis with 
murine anti-OPG antibody. 



20 



25 



30 



Expression of the Fc/hu OPG [22-401 J fusion 
peptide was detected on a Goomassie stained PAGE gel and 
on a Western blot . The cells have very large inclusion 
bodies, and the majority of the product is in the 
insoluble (pellet) fraction. The following primers were 
used to construct this OPG-Fc fusion: 
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1318-48 

CAG CCC GGG TAA AAT GGA AAC GTT TCC TCC AAA ATA TCT TCA 
TT (SEQ ID NO: 107) 

5 1318-49 

CGT TTC CAT TTT ACC GGG GCT GAG CGA GAG GC7 CTT CTG CGT 
GT (SEQ ID NO: 108) 

Fe/muopr; r7?-4nn 

10 Exjjression of the fusion peptide was detected 

on a Coomassie stained gel and on a Western blot. The 
cells have very large inclusion bodies, and the majority 
of the product is in the insoluble (pellet)" fraction. 
The following primers were used to construct this OPG-Fc 

15 fusion: 

1318-50 

CGC TCA GCC CGG GTA AAA TGG AAA CGT TGC CTC CAA AAT ACC 
TGC (SEQ ID NO: 109) 

20 

1318-51 

CCA TTT TAC CCG GGC T(3A GCG AGA GGC TCT TCT GCG TGT 
(SEQ ID NO: 110) 

25 muQPft r99-drt1WTr^ 

Expression of the fusion peptide was detected 
on a Coomassie stained gel and on a Western blot. The 
amount of recombinant product was less than the OPG 
fusion proteins having the Fc region in the N terminal 
30 position. Obvious inclusion bodies were not detected. 
Most of the product appeared to be in the insoluble 
(pellet) fraction. The following primers were used to 
construct this OPG-Fc fusion: 
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1318-54 

QAA AAT AAG CTG CTT AGC 
(SEQ ID N0:111) 

5 1318-55 

CAG CTG CAG CTA AGC AGC 
(SEQ ID NO: 112) 



- 108 - 
TGC AGC TGA ACC AAA ATC 

TTA TTT TCA CGG ATT G 



10 huopr: f?? -40n/ir^ 

Expression of the fusion pepcide was not 
detected on a Cooraassie stained gel, although a faint 
Western positive signal was present. Obvious inclusion 
bodies were not detected. The following primers were 
15 used to prepare this OPG-Fc fusion: 

1313-52 

AAA AAT AAG CTG CTT AGC TGC AGC TGA ACC AAA ATC 
(SEQ ID NO: 113) 

20 

1318-53 

CAG CTG CAG CTA AGC AGC TTA TTT TTA CTG ATT GG 
(SSQ ID NO; 114) 

25 Y. H»mnn hpg mf>r r7?-4Qn f^,T«-. nn fp^ga. 

This construct combines a proline to alanine 
amino acid change at position 25 (P25A) with the huOPG 
met [22-401 J -Fc fusion. The plasmid was digested with 
restriction endonucleases Clal and Kpnl, which removes 
Che N-terminal 23 codons of the gene, and the resulting 
small (less than 200 base pair) fragment was gel 
purified. This fragment containing the proline to 
alanine change was then ligated into plasmid pAMG21- 
huOPG [22-401] -Fc fusion which had been digested with 



30 



wo 97/^3614 PCT/1.S96/-:062J 



- 109 - 

the two restriction endonucleases . The ligated DNA was 
transformed into competent host ceils of £^ coll strain 
393. Clones were screened for the ability to produce 
the recombinant protein product and to possess the gene 
5 fusion having the correct nucleotide sequence. Protein 
expression levels were determined from 50 mi shaker 
flasJc studies* Whole cell lysate and sonic pellet were 
analyzed for expression of the construct by Coomassie 
stained PAGE gels and Western analysis with murine anti- 
10 OPG antibody. The expression level of the fusion 

peptide was detected on a Coomassie stained PAGE gel and 
on a Western blot. The protein was in the insoluble 
(pellet) fraction. The cells had large inclusion 
bodies . 

15 

SL — Human Q?Q met f 22-4011 (P25A) 

A DNA sequence coding for an N- terminal 
methionine and amino acids 22 through 401 of human OPG 
with the proline at position 25 being substituted by 
20 alanine under control of the lux Pr promoter in 

proJcaryotic expression vector pAMG2L was constructed as 
follows: Synthetic oligos # 1289-84 and 1289-85 were 
annealed to form an oligo linker duplex with Xbal and 
Kpnl cohesive ends* The synthetic linker duplex 

25 utilized optimal £. gQii codons and encoded an N- 

terminal methionine. The linker also included an Spel 
restriction site which was not present in the original 
sequence. The linker duplex was directionally inserted 
between the Xbal and Kpnl sites in pAMG21-huOPG-22-401 

30 using standard methods. The ligation mixture was 

introduced into £. goii host .GM221 by transformation. 
Clones were initially screened for production of the 
recombinant protein. Plasmid DNA was isolated from 
positive clones and DNA sequencing was performed to 
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verify the DNA sequence of che HuOPG-Met (22-401 ] (P25A) 
gene. The following oligonucleotides were used, co 
generate the Xbal - Kpnl linker: 

Oiigo #1289-84 

5'-CTA GAA GGA GGA ATA ACA TAT GGA AAC TTT TGC TCC 
AAA ATA TCT TCA TTA TGA TGA AGA AAC TAG TCA TCA GCT GCT 
GTG TGA TAA ATG TCC GCC GGG TAC -3* (SEQ ID N0:H5) 



Oligo #1289-83 

5'- CCG GCG GAC ATT TAT CAC ACA GCA GCT GAT GAC TAG 
TTT CTT CAT CAT AAT GAA GAT ATT TTG GAG CAA AAG TTT CCA 
TAT GTT ATT CCT CCT T-3' (SEQ ID NO: 116) 



Human OPC; m«»rr9?-dQTT fP^fia ) anrf (V?^) 

A DNA sequence coding for an N-terminal 
methionine and amino acids 22 through 401 of human OPG 
with the proline at position 26 being substituted by 
alanine under control of the lux Pr promoter in 

proJcaryotic expression vector pAMG21 was constructed as 
follows: Synthetic oligos # 1289-86 and 1239-87 were 
annealed to form an oligo linker duplex with Xbal and 
Sp«I cohesive ends. The synthetic linker duplex 

optimal £. goii codons and encoded an N- 
terminal methionine. The linker duplex was 
directionally inserted between the Xbal and spel sites 
in pAMG2l-huOPGC22-401I (P25A) using standard methods. 
The ligation mixture was introduced into £. eoit host 
30 GM221 by transformation. Clones were initially screened 
for production of the recombinant protein. Plasmid DNA 
was isolated from positive clones and DNA sequencing was 
performed to verify the DNA sequence off the huOFG- 
met [22-401 ) (P26A) gene. One of the clones sequenced was 
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found CO have the proline ac position 26 subscituced by 
asparric acid rather than alanine, and this clone was 
designated huOPG-met [22-401 ] (?26D) . The following 
oligonucleotides were used to generate the Xbal - Spel 
5 linker: 

Oligo #1289-86 

5' - CTA GAA GGA GGA ATA ACA TAT GGA AAC TTT TCC 
TGC TAA ATA TCT TCA TTA TGA TGA AGA AA - 3 • 
10 (SEQ ID NO: 117) 

Oligo #1289-87 

5 • - CTA GTT TCT TCA TCA TAA TGA AGA TAT TTA GCA 
15 GGA AAA GTT TCC ATA TGT TAT TCC TCC TT - 3 • 
(SEQ ID NO: 118) 

2^ A DMA se<?uenc8 coding for an N-terminal 

methionine and amino acids 22 through 194 of htanan OPG 
with the proline at position 25 being sxibstituted by 
alanine under control of the lux Pr promoter in 
proJcaryotic expression vector pAMG21 was constructed as 

25 follows: The plasmida pA81G21-huOPG [27-1941 and pA^!G21- 
huOPGl22-401] (P25A) were each digested with Kpnl and 
BamHI endonucleases. The 450 bp fragment was isolated 
from pAMG21-huOPG [27-1941 and the 6.1 kbp fragment was 
isolated from pAMG21-huOPG[22-4011 {P2SA) . These 

30 fragments were ligated together and introduced into £^ 
sail, host GM221 by transformation. Clones were 
initially screened for production of the recombinant 
protein. Plasmid DNA was isolated from positive clones 
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and DMA sequencing was performed Co verify the DNA 
sequence of the huOPG-Met [22-194 1 (P2SA) gene. . 

EXAMPLE 9 
Association of OPG Monomers 

CHO cells engineered to overexpress muOPG [22- 
401] were used to generate conditioned media for the 
analysis of secreted recombinant OPG using rabbit 
polyclonal anti-OPG antibodies. An aliquot of 
conditioned media was concentrated 20- fold, then 
analysed by reducing and non- reducing SDS-PAGE 
(Figure 15) . Under reducing conditions, the protein 
migrated as a Mr 50-55 kd polypeptide, as would be 
predicted if the mature product was glycosylated at one 
or more of its consensus N-linked glycosylation sites. 
Suprisingly, when the same samples were analysed by non- 
reducing SDS-PAGE, the majority of the protein migrated 
as an approximately 100 Jed polypeptide, twice the size 
of the reduced protein, in addition, there was a 
smaller amount of the Mr 50-55 kd polypeptide. This 
pattern of migration on SDS-PAGE was consistent with the 
notion that the OPG product was forming dimers through 
oxidation of a free sulfhydryl group (s). 

The predicted mature OPG polypeptide contains 
23 cysteine residues, 18 of which are predicted to be 
involved in forming intrachain disulfide bridges which 
comprise the four cysteine-rich domains (Figure 12A) . 
The five remaining C-terminal cysteine residues are not 
involved in secondary structure which can be predicted 
based upon homology with other TNFR family members. 
Overall there is a net uneven nximber of cysteine 
residues, and it is formally possible that at least one 
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residue is free co form an inrennolecuiar disulfide bond 
between two OPG monomers. 

To help elucidate patterns of OPG :<inesis and 
monomer association, a pulse-chase labelling study was 
5 performed. CHO cells expressing muOPG [22-401] were 
metabolically labelled as described above in serum-free 
medium containing 3Ss methionine and cysteine for 30 min. 
After this period, the media was removed, and replaced 
with complete medium containing unlabelled methionine 
10 and cysteine at levels approximately 2,000-fold excess 
to the original concentration of radioactive amino 
acids. At 30 min, Ihr, 2 hr, 4 hr, 6 hr and 12 hr post 
addition, cultures were harvested by the removal of the 
conditioned media, and lysates of the conditioned media 
15 and adherent monolayers were prepared. The culture 
media and cell lysates were clarified as described 
above, and then immunoprecipitated using anti-OPG 
antibodies as described above. After the 
immunoprecipitates were washed, they were released by 
boiling in non-reducing SDS-PAGE buffer then split into . 
two equal halves. To one half, the reducing agent 0- 
mercaptothanol was added to 5% (v/v) final 
concentration, while the other half was maintained in 
non-reducing conditions. Both sets of immunoprecipitates 
25 were analysed by SDS-PAGE as described above, then 

processed for autoradiography and exposed to film. The 
results are shown in Figure 16. The samples analysed by 
reducing SDS-PAGE are depicted in the bottom two panels. 
After synthesis, the OPG polypeptide is rapidly 
processed to a slightly larger polypeptide, which 
probably represents modification by N-linked 
glycoslyation. After approximately 1-2 hours, the level 
of OPG in the cell decreases dramatically, and 
concomitantly appears in the culture supernatant. This 
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appears to be the result of the vectoral transport of 
OPG from the cell into the media over time, consistent 
with the notion that OPG is a naturally secreted 
protein. Analysis of the same imnmnoprecipitates under 
5 nonreducing conditions reveals the relationship between 
the formation of OPG dimers and secretion into the 
conditioned media (Figure IS, upper panels) . in the 
first 30-60 minutes, OPG monomers are processed in the 
cell by apparent glycoslylation, followed by dimer 
10 formation. Over time, the bulk of OPG monomers are 
driven into dimers, which subsequently disappear from 
the ceil. Beginning about 60 minutes after synthesis, 
OPG dimers appear in the conditioned media, and 
accumulate over the duration of the experiment. 
IS Following this period, OPG dimers are formed, which are 
then secreted into the culture media. OPG monomers 
persist at a low level inside the cell over time, and 
small amounts also appear in the media. This does not 
appear to be the result of breakdown of covalent OPG 
dimers, but rather the production of sub-stoichiometric 
amounts of monomers in the cell and subsequent 
secretion. 

Recombinant ly produced OPG from trans fected 
CHO cells appears to be predominantly a dimer. To 
25 determine if dimerization is a natural process in OPG 
synthesis, we analysed the conditioned media of a cell 
line found to naturally express OPG. The CTLL-2 cell 
line, ,a murine cytotoxic T lymphocytic cell line <ATCC 
accession no. TIB-214), was found to express OPG mRNA in 
a screen of tissue and cell line RNA. The OPG 
transcript was found to be the same as the cloned and 
sequenced 2.5-3.0 Jcb RNA identified from kidney and 
fotand to encode a secreted molecule. Western blot 
analysis of conditioned media obtained from CTLL-2 cells 
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Shows chat most, if not all, of the OPG protein 
secreted is a dimer {Figure 17) . This suggests that OPG 
dimerization and secretion is not an artifact' of 
overexpression in a cell line, but is likely to be the 
5 main form of the product as it is produced by expressing 
cells* 

Normal and transgenic mouse tissues and serum 
were analysed to determine the nature of the OPG 
molecule expressed in OPG transgenic mice. Since the 

10 rat OPG cDNA was expressed under the control of a 
hepatocyte control element, extracts made from the 
parenchyma of control and transgenic mice under non- 
reducing conditions were analysed (Figure 18) . In 
extract from transgenic, but not control mice, OPG 

IS dimers are readily detected, along with 

siibstoichiometric amounts of monomers. The OPG dimers 
and monomers appear identical to the recombinant murine 
protein expressed in the genetically engineered CHO 
cells. This strongly suggests that OPG dimers are 

20 indeed a natural form of the gene product # and are 
likely to be key active components. Serum samples 
obtained from control and transgenic mice were similarly 
analysed by western blot analysis. In control mice, the 
majority of OPG protein migrates as a dimer, while small 

25 amounts of monomer are also detected. In addition, 

significant amounts of a larger OPG related protein is 
detected, which migrates with a relative molecular mass 
consistent with the predicted size of a covalently- 
linked trimer. Thus, recombinant OPG is expressed 

30 predominantly as a dimer ic protein in OPG transgenic 
mice, and the dimer form may be the basis for the 
osteopetrotic phenotype in OPG mice. OPG recombinant 
protein may also exist in higher molecular weight 
•'trimeric" forms. 
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To determine if the five C-terminal cysteine 
residues of OPG play a role in homodimerization, the 
murine OPG codons for cytsteine residues 195 (C195) , 
5 C202, C277, C319, and C400 were changed to serine using 
the QuicJcChange"' Site-Directed Mutagenesis Kit 
{Stratagene, San Diego, CA> as described above. The 
muOPG gene was subcloned between the Not I and Xba r 
sites of the pcDKA 3.1 (+) vector (Invitrogen, San 
10 Diego, CA). The resulting piasmid, pcONA3 . 1-muOPG, and 
mutagenic primers were treated with Pfu polymerase in 
the presence of deoxynucieotides, then amplified in a 
thermocycler as described above. An aliqouc of che 
reaction is then transfected into competenc £. rm 4 xLl- 
15 Blue by heatshocJc, then plated. Plasmid DNA from 

transformants was then sequenced to verify mutations. 

The following primer pairs were used to change 
the codon for cysteine residue 195 to serine of the 
murine OPG gene, resulting in the production of a muOPG 
[22-4011 C195S protein: 



20 



1389-19: 

5' -CAC GCA AAA GTC GGG AAT AGA TGT CAC-3' 
25 (SEQ ID NO: 150) 

1406-38: 

5' -GIG ACA TCT ATT CCC GAC TTT TGC GTG-3' 
(SEQ ID NO: 151) 



30 



The following primer pairs were used to change 
the codon for cysteine residue 202 to serine of the 
murine OPG gene, resulting in the production of a muOPG 
[22-4011 C202S protein: 
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1339-21: 

5' -CAC CC7 GTC GGA AGA GGC CTT CTT C-3' . 
{SEQ ID NO: 152) 

1339-22: 

5' -GAA GAA GGC CTC TTC CGA CAG GGT G-3' (1389-22) 
(SEQ ID NO: 153) 

The following primer pairs were used to change 
the codon for cysteine residue 277 to serine of the 
murine OPG gene, resulting in the production of a muOPG 
[22-401] C277S protein: 

1389-23: 

5' -TGA CCT CTC GGA AAG CAG CGT GCA-3' 
(SEQ ID NO: 154) 

1389-24: 

5' -TGC ACG CTG CTT TCC GAG AGG TCA-3' 
(SEQ ID NO: 155) 

The following primer pairs were used to change 
the codon for cysteine residue 319 to serine of the 
murine OPG gene, resulting in the production of a muOPG 
[22-4011 C319S protein: 

1389-17: 

5' -CCT CGA AAT CGA GCG AGC AGC TCC- 3' 
(SSQ ID NO: 156) 

1389-18: 

5' -CGA TTT CGA <3G7 CTT TCT CGT TCT C-3' 
(SEQ ID NO:157) 
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^h. primer pairs were uaed to change 

uhe codon for cysteine residue 400 co serine of the 
murine OPG gene, resulting in the production of a muOPG 
5 [22-401] C400S protein: 



10 
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1406-72; 



5' -CCG TGA AAA TAA GCT CGT TAT AAC TAG GAA TGG-3' 
(SEQ ID NO: 153) ^ 



1406-75: 

5' -CCA TTC CTA GTT ATA ACG AGC TTA TTT TCA CGG-3' 
(SEQ ID NO: 159) 

Each resulting nrnOPG [22-401] plasmid 
containing the appropriate mutation was then trans fected 
xnta human 293 cells, the mutant OPG-Fc fusion protein 
20 IT^ conditioned media as described above. The 

20 biological activity of each protein was assessed the in 
vitro osteoclast- forming assay described in example 11 
conditioned media from each transfectant was analysed by 
non-reducing SDS-PAGB and western blotting with anti-OPG 
antibodies . 

Mutation of any of the five C-terminal 
cysteine residues results in the production of 
predominantly (>90%) monomeric 55 led OPG molecules 
This strongly suggests that the C-terminal cysteine 
residues together play a role in OPG homcdimerization. 

C-terminal OPG deletion mutants were 
constructed to map the region <s) of the OPG C-terminal 
domain which are important for OPG homodimeri nation, 
^hese OPG mutants were constructed by pcr amplification 
using primers which introduce premature stop translation 
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signals in the C-tenninai region of murine OPG. rsg 5' 

olxgo was designed to the MuOPG start codon (containing 

a H^ndlll restriction site) and the 3' oligonucleotides 

(containing a stop codon and Xhol site, were designed to 

truncate the C-terminal region of muOPG ending at either 

threonine residue 200 (CT 200), proline 212 (CT212) 

glutamic acid 293 (CT-293) , or serine 355 (CT-355).' 

The following primers were used to construct 
muGPG [22-200]: '^tiruci: 



1091-39: 

5' -CCT CTG AGC TCA AGC TTC CGA GGA CCA CAA TGA ACA 
AG-3' (SEQ ID NO: 160) 

1391-91; 

5' -CCT CTC TCG AGT CAG GTG ACA TCT ATT CCA CAC TTT 
TGC GTG GC-3' (1391-91) (SEQ ID N0:161) 

r,, .IT ^sed to construct muOPG 

122-212 1 : 



1091-39: 

25 ^ T» ^ CS* Ca CCA CAA TGA ACA 

25 AG-3'' (SEQ ID NO: 162) 

1391-90: 

S' -CCT CTC TCG AGT CAA GGA ACA GCA AAC CTG AAG AAG 
GC -3' (SEQ ID NO: 163) 



[22-2931*. '"^^^''^"^ primers were used to construct muOPG 
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1091-39: 

5' -CCT CTG AGC TCA AGC TTC 
AG-3' (SEQ ID NO: 164) 
1391-89: 



CGA GGA CCA CAA TGA ACA 



5' .. CCT CTC TCG AGT CAC TCT GTG GTG AGG TTC GAG TGG 
CC-3' (SEQ ID NO: 165) 



10 [22-3SSJ: 



1091-39: 
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The following primers were used to constr^.ct muOPG 



5' -CCT CTG AGC TCA AGC TTC CGA GGA CCA CAA TGA ACA 
AG-3' (SEQ ID NO: 166) 



1391-88: 



%^T:o7o::T.r' ^ -3- 

a=n.„„ < . nmoPG-CT plasmid containin, the 

lll ZT r""^^- ""«ect,d into hul, 

frL !: ' "^""^^ P""*" purified 

from conditioned media as described above, the 

lilTcT, T'"''' °' ^""'^ -a, assessed tbe in 
Vitro osteoclast forming assay described in example ii 
Th. conditioned medias were also analysed by nZ 

InlLtr.:"""" """" — = 

Truncation of the C-termin.l region of opg 
effects the ability of oPG to form homodtmers. CT 355 
13 predominantly monomeric, although some dimer is 
formed. CT 293 forms what appears to be equal molar 
amounts Of monomer and dimer, and also high molecular 
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weight aggregates. However, CT 212 and CT 200 are 
monomeric. 



EXAMPLE 10 

^ Purification of OPG 

5 L of conditioned media from 293 ceils 
expressing an o?G-Fc fusion protein were prepared as 
10 follows. A frozen sample of cells was thawed into 10 ml 
Of 293S media (DMEM-high glucose, ix L-glutamine, 10% 
heat inactivated fetal bovine serum (FBS) and 100 ug/ml 
hygromycin) and fed with fresh media after one day. 
After three days, cells were split into two T175 flasJcs 
15 at 1:10 and 1:20 dilutions. Two additional 1:10 splits 
were done to scale up to 200 T175 flasks. Cells were at 
5 days post -thawing at this point. Cells were grown to 
near confluency (about three days) at which time serum- 
containing media was aspirated, cells were washed one 
time with 25 ml PBS per flasJc and 25 ml of SF media 
(DMEM-high glucose, Ix L-glutamine) was added to each 
flask. Cells were maintained at 5% C02 for three days 
at Which point the media was harvested, centrifuged, and 
filtered through 0.4Sm cellulose nitrate filters 
25 (Coming) . 

OPG-Fc fusion proteins were purified using a 
Protein G Sepharose column (Pharmacia) equilibrated in 
PBS. The column size varied depending on volume of 
starting media. Conditioned media prepared as described 
30 above was loaded onto the column, the column washed with 
PBS, and pure protein eiuted using IQOmM glycine pH 2.7 
Fractions were collected into tubes containing IM Tris 
PH 9.2 in order to neutralize as quickly as possible. 
Protein containing fractions were pooled, concentrated 
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in eitlaer an Amicon Centricon 10 or Centriprep lo and 
daafiltered into BBS. The pure protein is stored at - 

5 (22-1941 /T' C22.180I-PC, Murine 

5 (22-194J-FC, human f22.401I-Fc and human [22.20l]Fc wer- 

purified by this procedure. Murine [22-185] -Fc is 

purified by this procedure. 

®- Preoflr?>r<on of ^r^^^^rypc, :»r,^ ^^ ^ ^^^ 
^° Three New Zealand White rabbits (5-8 lbs 

initial wt) were injected subcutaneous ly with muOPG[22- 

dai rwifh%'r """V' "^^^"^ inununized on 

day 1 with SO of antigen emulsified in an equal 

volume Of Freunds complete adjuvant. Further boosts 
15 (Days 14 and 28) were performed by the same procedure 
with the substitution of Freunds incomplete adjuvant. 
Antibody titers were monitored by EIA. After the second 
boost, the antisera revealed high antibody titers and 
20 rt Obtained from each animal. 

20 The sera was first passed over an affinity column to 
which murine OPG-Fc had be immobilized. The anti-OPG 
antibodies were eluted with Pierce Gentle Elution Suffer 
containing l% glacial acetic acid. The eluted protein 
was then dialyzed into PBS and passed over a Fc column 
to remove any antibodies specific for the Fc portion of 
the OPG fusion protein. The run through fractions 
containing ant i-OPG specific antibodies were dialyzed 

into PBS. -ty^ea 

Affinity purified anti-OPG antibodies were 
diafiitered into coupling buffer (O.IM sodium carbonate 
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PH 8.3, G.5M NaCl), and mixed with CNBr-acr ivaced 
sepharcse bead3 (Pharmacia) for two hours ac room 
ter^eracure. The resin was then washed with coupling 

mil '"r"'"'^ ^'^"'"'^^ unoccupied sited with 

IM ethanolamme (pH 8.0) for two hours at room 

temperature. The resin was then washed with low pH (0 IM 

sodxum acetate pH 4.0, O.SM NaCl) followed by a high'pH 

vash (O.IM Tris-HCl pH 8.0, O.SM NaCl) . The last washes 

vere repeated three times. The resin was finally 

ZttTT'' ^''^ "^^"''^^ ^ once 

paclced, the resm was washed with PBS. A blank elution 

was performed with O.IM glycine-HCl, pH 2.5), followed 
oy re-equilibration with PBS. 

Concentrated conditioned media from CHO cells 
expressing muOPGC22-410I was applied to the column at a 
low flow rate. The column was washed with PBS until uv 
absorbance measured at 280nin returned to baseline. The 
protein was eluted from the column first with O.IM 
glycine-HCl (PH 2.5), re-equilibrated with PBS, and 

int^ ;J T diafiltered separately 

into PBS and sterile filtered before freezing at .20»C. 

CHO cell conditioned media was concentrated 
23X in an Amicon spiral wound cartridge (SIOYIO) and 
diafiltered into 20mM tris pH 8.0. The diafiltered media 
211 T.T''^ '° ^ Q-sepharose HP (Pharmacia) column 
which had been equilibrated with 20mM tris pH 8.0. The 
columri was then washed until absorbence at 2aCnm reached 
baseline. Protein was eluted with a 20 column volume 
gradient of 0-300mM NaCl in tris pH 8.0. OPG protein was 
detected using a western blot of column fractions. 
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Fractions containing OPG were oooled and 

DTT A N.NTA superose (Qiagen) colunm was sauilii:,raTe^ 
wx., tris pH a.O, 300™m MaCI, 0.2:^ CtH ter 

wi:/:i^rr"^°"^ -e applies, x^e cow. was wat::: 

with equilibration buffer until bas^n^^ w 

u.jfcix oaseiine absorbenf-o t^a = 
reached. Protein, „„e elute. f„„ coiuj I 

10 T.IT' «lu.n With 1„ 

imida^le. A,.in a western blot -as used to detect 0P= 
containing tractions. Mtect OPS 

Pooled fractions troB the NiNTA column were 
IS hv!' '^^^ii'"'^ "« then applied to a ceramic 

washing, the protein was eluted with a 10-loOmM 
pctasslun, phosphate gradient over ao coW volumes. 
This was then followed by a 20 =oiun.„ 
20 100-400 mM phosphate. 

SDS n», °? detected by coomassie blue staining of 
SDS-polyacrylamide gels and by western blotting. 
Fractions w«e pooled and dlafiltered onto PBS and 

" "r:urre"r„- as a monomer 

"d Will remain so after diafiltration into PBS. The 
monomer Is stable when stored frozen or at pH 5 at 4-c 
How«ver If stored at ^'c in pbs h,™ \ 5 at 4 c. 
to h. 1 c in PBS, dlmers and what appears 

to be trimers and tetramers win form after one wee^ 



30 



D. 



m« EDTA ^/ ''^""i^l P«te was suspended into 10 

^.T. ' ""«"""ion Of 15* ,»/v, using a low . 
^hear homo,e.nlrer at S'C. The cells were then disrupted 
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by cwo homogenizacions at 15,000 psi each ac 5'c The 
resulting homogenate was centrifuged at 5,000 x g for 
one hour at 5«C. The centrifugal pellet was washed by 
low Shear homogenization into water at the original 
' homogenization volun,e followed by centrifugation as 
before. The washed pellet was then solubilized to 15% 
(w/v) by a solution of (final concentration) 6 M 
guanidine HCl, lO mM dithiothreitol, 10 mM TrisHCl, pH 
8.5 at ambient temperature for 30 minutes. This 
solution was diluted 30-fold into 2M urea containing 50 
nw CAPS, PH 10.5, 1 mM reduced glutathione and then 
stirred for 72 hours at S'C. The OPG was purified from 
this solution at 25-C by first adjustment to pH 4.5 with 
acetic acid and then chromatography over a column of 
SP-HP Sepharose resin equilibrated with 25 mM sodium 
acetate, pH 4.5. The column elution was carried out 
with a linear sodium chloride gradient from 50 mM to 550 
mM in the same buffer using 20 column volumes at a flow 
rate of 0.1 column volumes /minute. The peak fractions 
containing only the desired OPG form were pooled and 
stored at 5«C or buffer exchanged into phosphate 
buffered saline, concentrated by ultrafiltration, and 
then stored at 5«C. This material was analyzed by 
reverse phase HPLC, SDS-PAGE, limulus amebocyte lysate 
assay for the presence of endotoxin, and N-terminal 
sequencing, m addition, techniques such as mass 
spectrometry, pH/ temperature stability, fluoresence. 
Circular dichroism, differential scanning calorimetry, 
and protease profiling assays may also be used to 
examine the folded nature of the protein. 
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EXAMPLE 11 
Biological Activity of Recombin 



ant OPG 
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Based on histology and histomorphometrv i^ 
' . appeared that hepatic overe:cpres3ion of o7c in 
transgenic mice maricedly decreased the numbers of 

forms Of recombinant OPG have been tested in ■ 

Iel" Lr",r ^ combination « bone .a„=w 

cell, „d cell3 fron, bone m.„ov srro^al cell lines A 
description oj the .nodlf ication of tni3 culture 3y3„m 

=.y et al. Endocrinology U&. 2367-237S (199S),. m 
Chl3 .ethod bone .arro- cell,, fi^.ed fro„ the e^ ^ 

medo. <alpha ^ „it. io» heat inactivated fetal bovL 

«i=ul.tin, factor I, al3o called «-csF, , a 
hematopoietic growth factor specific for cell, of rh. 

incubation, the non-adherent cell, are collected 

'r^h'cell,': PU^i^icaclon, and then coc;itured 

"ith cell, from the bone marrow cell line ST2 (1 x 106 
non-adherent cell, = i . ,o5 ST3. cell,/ „i Ld i, The 

Che biof T'^'"''^ "-"one ,ioo n« and 

as 1 25 metabolite of vitamin 03 Known 

a, 1,25 dlhydroxyvitaaln D3 (l,2S (OH) 2 03, 10 nM) . To 
enhance o,teocla,t appearance, prostaglandin E2 , SO L, 
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is added to some cultures. The coculture period usually 
ranges from 8-10 days and the media, with all of the 
supplements freshly added, is renewed every 3-4 days. 
At various intervals, the cultures are assessed for the 
presence of tartrate acid phosphatase (TRAP) using 
either a histochemical stain (Sigma Kit # 387A, Sigma, 
St. Louis, MO) or TRAP solution assay. The TRAP 
histochemical method allows for the identification of 
osteoclasts phenotypically which are multinucleated (> 3 
nuclei) cells that are also TRAP*. The solution assay 
involves iysing the osteoclast-containing cultures in a 
citrate buffer (100 mM, pH 5.0) containing 0.1% Triton 
X-100. Tartrate resistant acid phosphatase activity is 
then measured based on the conversion of 
p-nitrophenylphosphate (20 nM) to p-nitrophencl in the 
presence of 80 mM sodium tartrate which occurs during a 
3-5 minute incubation at RT. The reaction is terminated 
by the addition of NaOH to . a final concentration of 0.5 
M. The optical density at 405 nra is measured and the 
results are plotted. 

Previous studies (Udagawa et al. ibid) using 
the osteoclast forming assay have demonstrated that 
these cells express receptors for l^Sj-calcitonin 
(autoradiography) and can maJce pits on bone surfaces, 
which when combined with TRAP positivity confirm that 
the multinucleated cells have an osteoclast phenotype. 
Additional evidence in support of the osteoclast 
phenotype of the multinucleated cells that arise in 
ZiLca in the osteoclast forming assay are that the cells 
express av and 03 integrins by immunocytochemistry and 
calcitonin receptor and TRAP mRNA by in situ 
hybridization (ISH) . 

The huOPG [22-401] -Fc fusion was purified from 
CHO cell conditioned media and subsequently utilized in 
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the osteoclast forming assay. At 100 ng/mi of huOPG 
[22-401 I -Fc, osteoclast formation was virtually 100% 
inhibited (Figure 19A) . The levels of TRAP measured in 
lysed cultures in microtitre plate veils were also 
inhibited in the presence of oPG with an IDgo of 
approximately 3 ng/mi (Figure 20) . The level of TPAP 
activity in lysates appeared to correlate with the 
relative number of osteoclasts seen by TRAP 
cytochemistry (compare Figures 19A-19G and 20) . 
Purified human igGl and TNFbp were also tested in this 
model and were found to have no inhibitory or 
stimulatory effects suggesting that the inhibitory 
effects of the huOPG [22-401 J -Fc were due to the oPG 
portion of the fusion protein. Additional forms of the 
human and murine molecules have been tested and the 
cumulative data are summarized in Table 1. 
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Table 1 

Effects of various OPG forms on in vitro 
osteoclast formation 
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30 



muOPG [22-4011 -Fc 
niuOPG (22-194] -Fc 
muOPG [22-185] -Fc 
muOPG [22-180] -Fc 
muOPG [22-401] 
muOPG [22-401} C19S 
muOPG [22-401] C2 02 
muOPG [22-401] C277 
muOPG [22-401] C319 



Relarlv** H^oa,-1-ftH^v rim 



+++ 
+++ 
++ 

+++ 
+++ 
+ 
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muO?G C22-40IJ C400 

•■nuOPG [22-1351 

moiOPG f 22-194] 

muOPG [22-2001 

5 muOPG f 22-212] 

muOPG f 22-2 93] 

muOPG [22-355] 

huOPG [22-401] -Fc 
10 huOPG [22-201] -Fc 

huOPG [22-401 ]-Fc P26A 
huOPG [22-401] -Fc Y28F 
JluOPG [22-401] 
huOPG [27-401 ]-Fc 
IS huOPG [29-401] -Fc 
huOPG [32-401] -Fc 

SD„ = 0.4-2 ng/ml 
ED„ - 2-10 ng/ml 
20 +, ED„ » 10-100 ng/ml 
ED„ > 100 ng/ml 
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30 



+++ 

+++ 
+ /- 



The cumulative data suggest that murine and 
human OPG amino acid sequences 22-401 are fully active 
la Zitia, when either fused to the Fc domain, or 
unfused. They, inhibit in a dose-dependent manner and 
possess half-maximal activities in the 2-10 ng/ml range, 
.runcation of the murine C-terminus at threonine residue 
130 inactivates the molecule, whereas truncations at 
cysteine 185 and beyond have full activity. The 
cysteine residue located at position 185 is predicted to 
form an SS3 bond in the domain 4 region of opg. Remova' 
Of this residue in other TNFR-related proteins has 
previously been shown to abrogate biological activity 
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(Yan et ai. j. 3iol. Chem. Z^, 12099-12104 (1994)) 
Cur finding chac muOPG f 22-180 1 -Fc is inactive while' 
^uOPCC22-ia5I-.c is active is consistent wit. tie 
findings. This suggests that a.ino acid residues 22-135 
' define a region for OPG activity. 

These findings indicate that liXe 
cransgenically-expressed OPG, recombinant OPG protein 
also suppressed osteoclast formation as tested in the 

llllTnlnl\t°^'^^ "^"^ experiments 

examining the appearance of TRAP* cells, 03* cells 

F4ao* cells in cultures continuously exposed to OPG 
remonstrate that OPG .loc.s the app^ar^^ce r^^l^ 33* 
cells, but not F480* cells. In contrast, trap, and 33* 
cells begin to appear as early as day 4 following 
culture establishment: in control cultures. Only r480* 
cells can be found in OPG-treated cultures and they 
appear to be present at qualitatively the same numbers 
as the control cultures. Thus, the mechanism of OPG 
effects in vitro appears to involve a blocJcade in 
osteoclast differentiation at a step beyond the 

ao!!!^!"''* ''I "'<=>"°<=y^«-'»acrophages but before the 
appearance of cells expressing either TRAP or 33 

integrin,. Collectively these findings indicate that 

OPG does not interfere with the general growth and 

differentiation of monocyte-macrophage precursors from 

Tlol^Tir^' T specifically 

differentiation of osteoclasts from 
monocyte-macrophage precursors. 

, determine more specifically when in the 

osteoclast differentiation pathway that OPG was 
inhibitory, a variation of the in vitro culture method 
^as employed. This variation, described in (Lacey et 
al. 5uasa), employs bone marrow macrophages as 
osteoclast precursors. The osteoclast precursors are 
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derived by caking the nonadherent bone marrow c-lis 
after an overnight incubation in CSF-I/M-CSF, and 
c.lturing the cells for an additional 4 days with L,OCO 

the growth phase, the non-adherent cells are removed. 
The adherent cells, which are bone marrow macrophages 
can then be exposed for up to 2 days to various 
treatments in the presence of 1,000 - 2,000 U/ml cSF-1 
This 2 day period is called the intermediate 
differentiation period. Thereafter, the cell layers are 
again rinsed and then ST-2 cells (1 x 105 cell/ml) 
dexamethasone (100 nM) and 1,25 (OH) 2 D3 (10 nM) are 
added for the last 8 days for what is termed the 
5 LTh"!' ^^""^"'^^-^i^^ period. Test agents can be 

oTlt " Acquisition 

Of Phenotypic markers of osteoclast differentiation are 
ac^ired during this terminal period (Lacey et al. 

0 it. [22-401J-FC (100 ng/ml, was tested for 

xts effects on osteoclast formation in this model by 
adding it during either the intermediate, terminal or, 

IT.TT^'''' ''^''^ <il«erentiation periods. Both trap 
cytochemistry and solution assays were performed. The 
results Of the solution assay are shown in Figure 21. 
HUOPG [22-401,-Fc inhibited the appearance of TRAP 
activity when added to both the intermediate and 

^ZTT. r "'^ '"^^ differentiation phases . 

When added to the intermediate phase and then removed 

llTJT. ^'^""V^^ ^-OPG C22-4011.FC did not 

block the appearance of TRAP activity in culture 
lysates. The cytochemistry results parallel the 
solution assay data. Collectively, these observations 
indicate that huOPG C22.401I-Fc only needs to be present 
durxng the terminal differentiation period for it to 
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exert: ics all of its suppressive effects- on osteomas- 
formation. *^-oc.as^ 

ILl increases bone resorption botn 
^ systemically and locally when in:ected sui^cutaneously 
over the calvaria of mice (Boyce et eousiy 

by the d.9r« of hypercalcemia and =he local 
."acta hla«lo,lcally by aaa.aain, the relative 
»a,^icude ot Che osceoclast-^diaced responae. the ai™ 
Of theae experL-nents waa Co determine If recombinant 

actions Of :Ll when injected aubcutaneoualy over che 
same region of the calvaria aa ILl. 

IL-t ft »VTt.><,„^pf 

divided . r'l"'" '"^ ' 

™ ^ '="«-in9 treatment group, ,5 mice per 

received 1 injectlon/day of 2.s u, of ni-p, , i.o„ doae 

^^t^r' ' ' W Of muOPG (22-,011-rc, .. Low doa. 
""UOW t22-40t,-F= and ILX-P, High doa. muOM [22-401,- 

' ■' '"^i HJ-sn doae muojG t22-40Il-Fc and 

All mle. recelv«i the a«M total number of 
injection. Of either active factor or vehicle ,0.1% 

grlu^! P'^o'Pl.ate buffered aaline, . All 

groups are aacrlflced on the day after the laat 

are measured before the first injections, four hours 
after the second injection and 24 hours after the third 
I" injection. Just before the «,imaia „„e sacrificed. 
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After sacrifice the caivaria --.ere removed and processed 
for paraffin sectioning. 

Male mice (ICR Swiss white) aged 4 weeks were 
divided into the following treatment groups (5 mice oer 
group) : Control group; ILl alpha treated animals (mice 
received 1 injection/day of S ug of iLl-alpha) ; Low dose 
muOPG [22-401J.FC treated animals (mice received 1 
injection/day of 10 ng of muOPG f22-401I-rc; Low dose 
muopg C22-401J-FC and ILl-alpha. (dosing as above); High 
dose muopg [22-401] -Fc treated animals (mice received 3 
in:ections/day of 10. ug muOPG f22-401]-Fc; High dose 
muOPG [22-401 ]-Fc and iLl-a. All mice received the same 
number of in jections/day of either active factor or 
vehicle. All groups were sacrificed on the day after 
the last injection. The blood ionized calcium levels 
were measured before. the first injection, four hours 
after the second injection and 24 hours after the third 
in injection, just before the animals were sacrificed. 
The animal weights were measured before the first 
injection, four hours after the second injection and 24 
hours after the third ILl injection, just before the 
animals were sacrificed. After sacrifice the caivaria 
were removed and processed for paraffin sectioning. 

Calvarial bone samples were fixed in zinc 
formalin, decalcified in formic acid, dehydrated through 
ethanol and mounted in paraffin. Sections (Sum thicJc) 
were cut through the caivaria adjacent to the lambdoid 
suture and stained with either hematoxylin and eosin or 
reacted for tartrate resistant acid phosphatase activity 
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(Sigma Kit* 337A) and counterscained with hematoxylin. 
Bone resorption was assessed in the ILl-a treated mice 
by historaorphcmetric methods using the Osteomeasure 

(Osteometries, Atlanta, GA) by tracing histologic 
5 features onto a digitizer platen using a microscope- 
mounted camera lucida attachment. Osteoclast numbers, 
osteoclast lined surfaces, and eroded surfaces were 
determined in the marrow spaces of the calvarial bone. 
The injected and non-injected sides of the calvaria were 
10 measured separately. 

rn-a and rLl-0 produced hypercalcemia at the 
doses used, particularly on the second day, presumably 
IS by the induction of increased bone resorption 

systemically. The hypercalcemic response was blociced by 
muOPG (22-4011 -Fc in the ILl-beta treated mice and 
significantly diminished in mice treated with ILl -alpha, 
an effect most apparent on day 2 (Figure 22A-22B) . 

Histologic analysis of the calvariae of mice 
treated with ILl -alpha and beta shows that ILl 
treatments alone produce a marked increase in the 
indices of bone resorption including: osteoclast number, 
osteoclast lined surface, and eroded surface (surfaces 
25 showing deep scalloping due to osteoclastic action 

(Figure 23B, Table 2) . In response to ILl-a or ILl-^, 
the increases in bone resorption were similar on the 
injected and non-injected sides of the calvaria. Muopg 
[22-401] -Fc injections reduced bone resorption in both 
ILl-alpha and beta treated mice and in mice receiving 
vehicle alone but this reduction was seen only on the 
muopg [22-401] -Fc injected sides qf the calvariae. 

The most lilceiy explanation for these 
observations is that muOPG [22-401] -Fc inhibited bone 
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resorpcicn, a conclusion supported by che reduction of 
both the total osteoclast number and the percentage of 
available bone surface undergoing bone resorption, in 
the region of the calvaria adjacent to the muOPG C22- 
4011-Fc injection sites. The actions of muOPG [22-401)- 
Fc appeared to b« most marked locally by histology, but 
the fact that muOPG C22-401J-Fc also blunted ILl-induced 
hypercalcemia suggests that rauOPG C22-401I-FC has more 
subtle effects on bone resorption systemically . 
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Male BDFl mice aged 3-4 weeks, weight rar.ge 
9,2- 15. 7g were divided into groups of ten mice per 
group. These mice were injected subcutaneous iy with 
saline or muOPG [22-401] -Fc 2.5mg/Jcg bid for 14 days 
(Smg/Jcg/day) . The mice were radiographed before 
treatment, at day 7 and on day 14. The mice were 
sacrificed 24 hours after the final injection. The 
right femur was removed, fixed in zinc formalin, 
decalcified in formic acid and embedded in paraffin. 
Sections were cut t.hrough the mid region of the distal 
femoral metaphysis and the femoral shaft. Bone density, 
by histomorphometry, was determined in six adjacent 
regions extending from the metaphyseal limit of the 
15 growth plate, through the primary and secondary 

spongiosa and into the femoral diaphysis (shaft) . Each 
region was 0.5 X 0.5 mm^. 
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After seven days of treatment there was 
evidence of a zone of increased bone density in the 
spongiosa associated with the growth plates in the OPG 
treated mice relative to that seen in the controls. The 
effects were particularly striking in the distal femoral 
and the proximal tibial metaphases (Figure 24A-24B) . 
However bands of increased density were also apparent in 
the vertebral bodies, the iliac crest and the distal 
tibia. At 14 days, the regions of opacity had extended 
further into the femoral and tibial shafts though the 
intensity of the radio-opacity was diminished. 
Additionally, there were no differences in the length of 
the femurs at the completion of the experiment or in the 
change in length over t.he duration of t.ha experi.tient 
implying that OPG does not alter bone growth. 
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aiS^n' '-r^*r^^ ^^,ir7~- 

bone .en^urjfAurYVrr/;" """'^ 

a region where bone is ranidiv ' ^^^^ 
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Twelve week old female 

temaxe eisher rats were 

al»sorpt»«„ry ,OEXA, measurements made of ch, boni 
density in the distal femoral metaphysis IV . 
recovery period, the animals recelvM^:! 
tor 14 day, as follow,. Ten " '^''^^ injection, 

aniaals received pamidronace <pami ^« !u 

anliaals were Jcili^ T * ^^^'^ injection the 

were Killed and the right tihia # 

remove. ,or >,istolo,ic.l evaluatL" 

".nc'T: re'^ctTo"""""" "'"^ ^'"'^^^ ^''~«' > 

o^«.ectom;trr.itr;^^^^^^^ 
:::\rdio"::/:— ^^^^^ 

27) . The histomorphometric 
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analysis ccnfirmed these observations with 0?G-Fc 
treatment producing a bone density chat vas 
significantly higher in OVX rats than that seen 

uncreated OVX rats (rigure 28) . These results co^fir. 
o Che activity of OPG in the bone loss associated with 

vxthdraval of endogenous estrogen following ovariectomy. 

,, ^^io^s Of recomJSinanc OPS 

ceduc.ion in osceociasc r.uniber seen in the o?G 
transgenic is rep.-oduc.d by injecting recombinant OPG 
locaily over the calvaria in both nor^i mice and i„ 
" -=e treated „ic« xu-« or The OPG "ana^e^ic 

mrinTof°L" ""'^"""^ ^''•"«VPe witn progressive 
filling of the marrow cavity wich bone and unremodelled 

nrT. .^^l Pl«e3 from day 1 

onward after birth. :„ „or»ai three veeK old (growing, . 
.0 mice. OPG treatments also led to retention of bone and 
unr^odelled cartilage in regions of endochondral bone 

cl^ '"'"^ radiographically and 

oonfir™* histologically. Thus, recoobin«,t OPG 

S l^'" i° normal animals similar to 

c^sL " and the changes are 

re^o^^r "'"^ inSi^ition of bone 

resorption. Sas«l on ia iitd assays of osteoclast 

duH^r' r ^i'""^'"' ^' inhibition is 

) this . " '"'^'"^ formation. Consistent wich 

' this hypothesis, OPG blocks evariectomy-induced 

to be mediated by activated osteoclasts, suggesting a 
role for OPG in treatment of primary osteoporosis. 
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EXAMPLE 12 
Pegylacion Derivatives of OPG 



LO 



r^ri,,^^4y^ miry] irliiii 

HuOPG met [22-194] P25A was buffer exchana.n • 
25-50 mM NaOAc, pH 4 5-4 a ^nM exchanged into 

, PH 4.5 4.8 and concentrated co 2-5 

. <-*"abl. t„„ Shearwater .oly.„„ -^r^ 
acaed „ th. OM solution aa soUdi in amounts 

After dissolution of poiy^r into the protein solution' 
sodxun, cyanoboronydrid. waa add«l to give a final 

=3000SW«. =olu«, ,To„ Haaa, elutln, .^h 100 «, NaP04 

reaction mixture wa, dilut«J s-» tin.., and the pH 

Phar^r shromatowaphy (HP SP Hiload lS/10, 

Ph««cla. elutin, with 20 m MaOAc pH 4 with a l.;,ar 
gradient to 0.75M NaCl ov-,. -jc , J. -near 

o. 30 ».h. p:::.::: z'r:-;. 

nd%^t'r^= V -«acterir.d b 'sL HP.C 
na SDS PAGE. By N-terminal se<p,encing, is „». 

" c'tt:" r «n,uj;,;the" a,or 
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This prccsdure was generally used zo orepare c-e 
_^oliowing M.cer.inal PEG-OPC con.ugaces (where OPG Ts 
HuOPG .ec r22-I94, P2SA: 5 .D. .onoPEG, 10 .D .one 
oranched PEG, 12 ;o moncPEG, 20 .0 monoPEG, 20 .one 
5 branched PEG, 25 .0 monoPEG, 31 .0 monoPEG, 57 

aiFEG, 25 JcD triPEG, 

'° ,„ fZ^-lsVpaSA'^a, buf f « 'iri^^ed into 

50 n« BICINE bu«„. p„ a concentrated to 2-3 .""l 

xn.. „.„tion „a, u«d to conduct or= acylation 
monofunctxonal PEG M-hydroxysucclnimidyl esters at roo™ 
temperature, M-hydroxyeucclnin,idyl e«era. linear 

Polymer,) were added to the OPG solution as solids in 
amounts constituting 4-8 moles of PEG M- 
hydroxysuccinlmidyl ester per mole or OPG. The progress 
of the reaction and the extent of OPG PEGylation was 
.0 monitored .y si« exclusion HP^ on a G3000S«xi. colln 
(Toso Ha.„ eiutin, with 100 mM NaP04, 0.5 M NaCl, lo% 
ethanol, pH 6.9. Typically th. reaction was allowed to 

diluted S-8 times and th. pH lowered to 3.5-4. The 
reaction mixture was fractionated hy ion exch«,g. 

With 20 mM M.OAC pH A with a linear gradient to 0.75M 

F-actions of mono-, di- or poly- PEGylated OPG were 
' pooled and characterized by SEC «P1C and SOS-PAG^ 

procedure was generally us«l to prepare t^e 
following PEG-OPG conjugates: 5 IcO polyPEG, 20 'o 
PolyPEG, 40 ^ poly branched PEG, 50 w poli peg 
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HuOPG met [22-194] P25A is prepared for 
' uhioiacion ac 1-3 mg/n,l in a phosphate buffer at nea^ 
IIZT' P«-/---tyI mecaptosuccinic anhydride (AMSA^ 

7 0 anr-L'" '''' ^'^^^ -intainin. pH at 

7.0 and .he rxn stirred at 4'c for 2 hrs. The 

" ur^. IS separacad from unmodified and 
polythiolared opg by ion axchan,. chromat=,r,phy and cn. 
proteccad thiol dapro«=«d by treatment wich 

7,ZIZT": ^•■'""«io„. .h. hydro«yU.in. ia 

removed by gei filtration and the resultant 
n.onothioiated-OPO is subjected to a variety of thiol 
specific crosslinklng chemistries, to generate a 

allo^."' 0^= « >l".9/mi is 

bas!r H r""" «i^"oo by dialysis in slightly 
basic Phosphate buffer. The covalent thioether OPS 
dimer was prepared by reacting the bis-maieiatde 
crosslinxer, N,N-bis(3-maleimido propianyl, -2-hydroxy 
1.3 propane vlth the thioiat*! OPG at >la,/»i at a 0.6x 

r^"J'!t° -OSS in Phosphate buffer at pH 

6.5. Simiiariy, the PEG dusasbeUs are produced by 

peH"""" V, ""*«°'*i»»«'i= counts Of bis-mal.imide 

III. I " "=''^''1««^ « >l«9/ml in 

Phosphate buffer at pH ,f ^, 

conlugate, may b. further purlfi«i using either ion 
exchange or si2. exclusion chromatographies 

:22-llTV,V^'''°'^ conjugates .where OPG is HuOPG met 
l« 1941 e23A prepared using the above procedures 
include dis-lfide-bonded OPG dimer, covalent thioether 
OPG dimer with an aliphatic amine type crosslinker, 3.4 
^0 and 8ko PEG dumbbells and monobeUs. 
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?SG-0?G conjugates were tested for activity la 
:lLZ£2. using the osteoclast maturation assay described in 
Example UA and for activity in vivn by Treasuring 
increased bone density after injection into mice as 
described in Exanq^le IIC, The in vivn activity is shown 
below in Table 3. 

Table 3 

In vivo biological activity of Pegylated OPG 



Qgg r:nn<irn-r^ mr^^^^^ > n t^h^:.^ a^^^ 



rauOPG met [22-194] 
muOPG met [22-194] 5)c PEG 
IS muOPG met [22-194] 20Ic PEG 

huOPG met [22-194] P25A 
huOPG met [22-194] P25A 5k PEG 
huOPG met [22-194] P25A 20k PEG 
huOPG met [22-194] P25A 31k PEG 
huOPG met [22-194] P2SA 57.k PEG 
huOPG met [22-194] P2SA 12k PEG 
huOPG met [22-194] P25A 20k Branched PEG 
huOPG met [22-194] P2SA 8k PEG dimer 
25 huOPG met [22-194] P25A disulfide crosslink 
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While Che invention has been described in what 
xs considered to be its preferred embodiments, it is not 
S to be limited to the disclosed embodiments, but on the 
contrary, is intended to cover various modifications and 
equivalents included within the spirit and scope of the 
appended claims, which scope is to be accorded the 
broadest interpretation so as to encompass all such 
10 modifications and equivalents. 
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SSQUENCS LZSTXNG 



(1) GENZ^X. INFORMATION : 

(i) APPLICANT :AiT6g«n Inc. 



(ii) TITLE OF rNVE>rnON : OSTEOPROTEGERXN 

(iii) NUMBER OF SEQUENCES; 163 

^5 (iv) CORRESPONDENCE ADDRESS: 

(A> ADDRESSEE: Airaqmn Inc , 

(B) STREET: 1340 C«haviiland Drlv« 

(C) CITY: Thouaand Oaka 
CD) STATE: California 

(E) COUNTRY: United States 

(F) ZIP: 91320 



(V) COMPUTER READABLE FORM: 

<A) MEDIUM TYPE: Floppy diak 

COMPUTER: IBM PC compatible 
(C) OPERATING SYSTEM: PC-DOS/MS-DOS 
(O) SOFTWARE: Patentin Relaaae #1.0, Version #1.30 



(vi) CURRENT APPLICATION DATA: 
<A> APPLICATION NUMBER: 

(B) FILING DATS: 

(C) CLASSIFICATION: 

(viii) ATTORNEY/ AGENT INFORMATION: 
(A) NAME: Winter, Robert B. 
(C) REFERENCE /DOCKET NUMBER: A-378-CIP2 



(2) INFORMATXCN FOR SEQ ID NO:l: 

(i) SSQtJENCE CHARACTERISTICS: 
<A> LENGTH: 36 base pairs 
(3) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cONA 



50 
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(Xi) SSQUENCZ DESCaXPTrON; SZQ 10 NO 

AAAGGAAGGA AAAAAGCGGC CGCTACANNN NNNNNT 

(2) I.VFORMATIOM FOR SZQ ID HO: 2: 

(i) SEQCE3ICB CHARACTERISTICS- 
(A) L£NGTH: 16 b«a« pais, 
(3) TYPE: nucleic acid 
(C) STRANCEDNZSS ; single 
(D» TOPOLOGY: linear 

(ii) MOLECIJLfi TYPE: cONA 



<xi) SEQUBNCE OCSCRXPTION: SEQ lO MO: 2 
TCGACCCACG CGTCCG 
(2) INTORMATION FOR SSQ lO NO: 3: 

<i) SEQUENCE CHARACTERISTICS- 
<A) LEIfGTH: 12 baae pairs 
(3) TYPE; nucleic acid 
<C) STRANDEONESS : Single 
fO) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cONA 

SBQOENCS DESCRIPTION: SEQ ID W:3: 
<3<3GTGCSC«a GC . 

(2) INTORMAIION FOR SEQ ID NO: 4: 

(i) SEQUENCE CHARACTERISTICS- 

(A) LENGTH: 19 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 



(ii) MOLECULE TYPE: cONA 
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ixi) ScCUSNCS DSSCRIPTICN: SZQ .VO : 4 : 

TGTAAAAC3A CGGCCAGT 

(2) r>iFOR.MATION FOR SZQ ID NO : 5 : 

fi) SSQUENCS CHARACTERISTICS; 
<A) LSNGTH: 19 baae pairs 
(3) TYPE; nucleic acid 
(CJ STRANDEDNESS : single 
CD) TOPOLOGY: linear 

(ii) MOLECULE TYPE; cONA 



(xi) SEQUENCE DESCRIPTION': SEQ 10 NO ; 5 

CAGGAAACAG CTATGACC 

(2) INFORMATION TOR SEQ ID NO: 6: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 20 base pairs 
<B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

<ii) MOLECULE TYPE: cONA 



(xi> SEQUENCS DESCRIPTION: SEQ ID NO: 6: 
CAATTAACCC TCACTAAAGG 
(2) INTORMATIOM FOR SEQ ID N0:7: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 23 bas« pairs 
CB) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 



(xi) SEQUENCE DESCRIPTION: SEQ ID 
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GCATTATGAC CCAGAAACCS GAC 
^ (2) INFORMATION FOR SSQ ID NO: 8: 

<i) SSQUENCS CHAJUCTSRXSTICS • 
(A) LEHGTH: 23 baa. pairs 
(8) TTfPB: nuclaic acid 
10 f'=' STRANDEDMSSS: single 

<0) TOPOLOGY: linear 

(ii) HOLZCVZZ TYPE: cONA 

f'ti) SEQUENCE DESCRIPTION: SEQ ID NO: 3: 
AGGTAGCGCC CTTCCTCACA TTC 
(2) INFORMATION FOR SEQ lO NO: 9: 



15 
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SEQUENCE CHARACTERISTICS- 
(A) LENGTH: 30 baae pairs 
<B) TYPE: nucleic acid 
25 STRANOEONCSS ; single 

(O) TOPOLOGY: linaar 



(ii) MOLECULE TYPE: cONA 



30 
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'xi) SEQUENCE DESCRIPTION: SEQ ID NO:9: 
GACTAGTCCC ACAATGAACA AGTGGCTGTS 
22 (2) INTORMATIOM FOR SEQ ID nO:10: ^'^ 
<i> S«QD8NC« CHARACTERISTICS: 

18) TYPE: nucleic a«id 
40 !S! fP««»=ONMS: Single 

(O) TCPOtOCY: linear 

(ii) MOLECULE TYPE: cONA 

Ui) SEQUENCE DESCRIPTION: SEQ ID NO: 10: 
ATAAGAATGC GGCCGCTAAA CTATGAAACA GCCCAGTGAC CATTC 
50 (2) INFORMATION FOR SEQ ID NO:U: 
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(i) ScQUSNCS CHAPJKCTZTKlSriCS: 
(A) LSNGTH: 21 baaa pairs 
(3) r^E: nucleic acid 
CO STPANDEONESS : single 
(0) TOPOLOGY: linear 

(ii) MOLECULE TYPE; cOMA 



(xi) SEGUENCZ DESCRXPTION: SEQ ID NO : 1 
GCCTCTAGAA AGAGCTGGGA C 
(2) INFORMATION FOR SEQ ID NO: 12: 

(i) SEQUENCE CHAilACTERISTICS : 

(A) LENGTH: 21 ba3« pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 12 
CGCCGTGTTC CATTTATGAG C 
(2) INFORMATION FOR SEQ ID NO: 13: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 24 base pairs 
(B> TYPE: nucleic acid 
(C) STRAWOCONBSS: single 
(O) TOPOLOGY: linear 

(ii) MOLfiCULI TYPE: cONA 



(xl) SEQUENCS DESCRIPTION: SEQ ID NO: 13: 

ATCAAAGGCA GGGCATACTT CCTG 

(2) INFORMATION FOR SEQ ID NO: 14: 

(i) SEQUENCE CHARACTERISTICS: 
(A> LENGTH: 24 base pairs 
(B) TYPE: nucleic acid 
<C) STRANDEDNESS: single 
(D) TOPOLOGY: linear 
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(ii) MOLSCULS TY?S: c2NA 



(xi) SSQUENCS DESCRIPTION: SEQ 13 NO: 14 
GTTGCACTCC TG7TTCACGG TCTG 
10 (2) INFOBMATION TOR SEQ 10 NO: 15: 

<i) SSQOENCE CHARACTSRISTICS: 
(A) LENGTH: 24 base pairs 
O) TYPE: nucleic acitl 
(C) STRANDEDNESS : single 
fO) TOPOLOGY: linear 

(ii) MOLECUtE TYPE; cONA 

(xi) SEQtTENCE DESCRIPTION: SEQ ID NO: IS: 

CAAGACACCT TGAAGGGCCT GATG 

(2) INTORMATION TOR SEQ ID NO: 16: 

(i) SEQUENCE CHARACTERISTICS- 
(A) LENGTH: 24 base pairs 
O) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOtOGY: linear 

3g <ii> MOI«WL« TYPE: cOMA 



15 



20 



25 



30 



40 



fxi) SSQOniCl DESCRXPTION: SEQ ID NOrlSi 
TAACTTTTAC AGAAGAGCAT CAGC 

i2) INTORMATIOM FOR SEQ ID N0:17: 



(1) SEQUENCE CHARACTERISTICS: 
<A» LENGTH: 33 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 
<D) TOPOLOGY: linear 

50 (ii) MOLECULE TYPE: cONA 



24 



24 



24 
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(xi) SSCUSNCE DESCRIPTION: SEQ ID 

AGCGCCGCCG CATGAACAAG TGGCTGTGCT GCG 

(2) rNTORMATlCN FOR SEQ ID NO: 13: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 31 base pairs 
(a> TYPE: nucleic acid 
(C) STSANDEDNESS: single 
(0) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cOMA 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 18 
AGCTCTAGAG AAACAGCCCA GTGACCATTC C 
(2) INFORMATION FOR SEQ ID NO; 19: 

(iJ SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 24 base pairs 
fB) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cOHA 



(xi) SEQUEUCS DESCRIPTION: SEQ ID NO; 19: 

<3«SAAGCTGT GCAAGAACCT GATO 

(2 J INFORMATION FOR SEQ ID NO: 20: 

(i) SEQUENCE CHARACTERISTICS- 
(A) LENGTH: 24 base pairs 
CB) TYPE: nucleic acid 
(C) STRANDEDNESS: single 
(0) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cONA 



(xi) SSguOICE DESCRIPTION: SEQ ID NO: 20 

ATCAAAGGCA GGGCATACtT CCTG 

(2) INFORMATIOK TOR SEQ ID NO: 21: 

(i> SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 2 4 hasm pairs 
O) TT?E: nuciaic acid 

(C) STRANOEDNESS : single 

(D) TOPOtCG-r: linear 

(ii) MOLECtJlfi TYPE: cONA 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 21: 

CAGATCCTGA AGCTGCTCAG TTTG 

(2) INTORMATION FOR SEQ ID NO: 22: 

(i) SEQUENCE CHARACTERISTICS: 
(A) L£NGTH: 33 baa« pairs 
O) TYPE: nucl«ic acid 
(C) STRANOEDNESS: aingla 
(0) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDMA 



(xi) SEQUXMCE DESCRIPTION: SEQ ID NO:22: 
AGCGCGGCCG CGGGGACCAC AATGAACAAG TTG 
(2) INFORMATION FOR SEQ ID NO:23: 

(i> SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 33 baae paira 

(B) TYPE: nuciaic acid 

(C) STRANDEDNESS : aingle 
(0) TOPOLOGY: linear 



(ii) MOLECULE TYPE: cONA 
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(xi) SSGUENCS OESCaiPTICN: SEQ ID HQ:22: 
AGCTCTAGAA TTGT3AGGAA ACAGCTCAAT GGC 
(2) r>IFOWlATIOM FOR SEQ 10 NO:24; 

(i) SEQCraNCS CHARACTSRISTICS : 

(A) LENGTH: 39 ba^a pairs 

(B) TYPE: nucleic acid 

(C) STRANDEONESS : singi* 
(O) TOPOLOGY; lin«ar 

(ii) MOLECL'LE TYPE: cONA 



(xi) SEQUENCE DESCRIPTXOM: SEQ 10 NO;24: 

ATAGCGGCCG CTGAGCCCAA ATCTTGTGAC AAAACTCAC 

(2) INFORMATION FOR SEQ ID NO: 25: 

(i) SEQUENCE CHARACTERISTICS: 
fA) LENGTH: 45 base pairs 
(Bl TYPE: nuciaic acid 
(C) STRANDEONESS: single 
(0) TOPOLOGY: linear 

(ii) MOLECUia TYPE: cONA 



(xi) SEQOTMCS DESCRIPTION: SEQ ID NO:25: 

TCTAGAGTCS ACTTATCXTT TACCCGGACA CAGGOASACG 

(2) INTORMAIIOM FOR SEQ ID NO:26: 

(i> SEQtJSNCT CHARACTERISTICS: 
(A) LENGTH: 38 base pairs 
(3) TYPE: nucleic acid 
(C) STRANDEONESS: single 
(0) TOPOtOGY: linear 

(ii) MOLECXJIE TYPE: cONA 
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(xi) SSGUENCS DESCRIPTION: SSQ lO N0:2S: 
CC7CT3AGC7 CAAGCTTCCG AGGACCACAA TGAACAAG 
(2) I^CRMATION FOR SEQ ID NO:27: 

(i) SEQUENCE CHARACTERISTICS: 
(A) L2NGTH: 43 base p*ira 
<B) TYPE: nuclaic acid 
(C) STRMTOEONESS : singl. 
(3) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cOMA 



(xi) SEQUENCE CSSCRIPTION: SEQ ID NO: 27: 
CCTCTGCGGC CGCTAAGCAG CTTATTTTCA CGGATTGAAC CTG 
(2) INTOSMATION FOR SSQ ID NO:28: 



(i) SEQUENCE CHARACTERISTICS: 
<A» tENGTH: 33 base pairs 
(3) TY?B: nucleic acid 
(C) STRANDEDNESS ; single 
(O) TOPOLOGY: linear 



(ii) MOLfiCULE TYPE: cONA 



(xi) SEQOSNCl DESCRIPTION: SEQ lO NO:28i 
CCTCTGAGCT CAAGCTTCCG AGGACCACAA TGAACAAG 
(2) INFCRHATIOM FOR SEQ ID NO: 29: 



33 



43 



38 



(i) SEQ0ENC8 CHARACTERISTICS: 

(A) LENGTH: 24 base pairs 

(B) TYPE: nucleic acid 
<C) STRANDEDNESS: Single 

45 TOPOLOGY: linear 

(ii) MOLECULE TYPE: cONA 



SO 
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(xi) SEQUENCE DESCRIPTION: SEQID NO;29: 
TCCG7AAGAA ACAGCCCAGT GACC 
(2) INFORMATION FOR SEQ ID NO: 30: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LSNGTH: 31 base pairs 
(3) TYPE: nucleic acid 

(C) STRANDEONESS: single 

(D) TOPOLOGY: linear 

(ii) . MOLECULE TYPE: cONA 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 30: 
CCTCTGCGGC CGCTGTTGCA TTTCCTTTCT G 
(2) INFORMATION FOR SEQ ID NO: 31: 

(i) SEQUENCE CHARACTERISTICS: 

<A) LENC3TH: 19 amino acida 
O) TYPE: amino acid 

(C) STRANDEONESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 



(xi) SEQUENCE DESCRIPTION: SEQ ID N0:31: 

Glu Thr Lau Pro Pro Lye Tyr Leu His Tyr Aap Pro Glu Thr Gly His 
5 10 15 

Gin Leu Leu 



(2) INFORMATION FOR SEQ 1D'nO:32: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 21 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEONESS: single 
(0) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 
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(xi) SSQUENCS D£SCH:?T:cN: S2Q ID NO; 32 J 

TCCCTTGCCC TGACCACTCT T 

(2) INTCRMATION FOR SZQ ZD NO:33: 

(i) SSCUENCE CHAPAC7SRI3TIC5 : 
(A) L£NGTH: 34 base pairs 
fB) TYPE: nuciaic acid 

(C) STRANOEONESS: 3ingia 

(D) TOPOLOGY: iinaar 

(ii) MOLECULE TYPE; cONA 

(xi> SEQtXENCE DESCKIPTION: SEQ 10 NO: 33: 
CCTCTGC5GC CGCACACACG T7CTCAT0T0 TTGC 
(2) INTORMATIOM TOR SEQ ID NO: 34: 

(i) SEQUENCE CHARACTERISTICS: 
<A) LENGTH: 21 ba3« pairs 

(B) TYPE: nucleic acid 

(C) STRANDEONESS : single 
<D) TOPOLOGY: linear 

<ii) MOLECULE TYPE: cDNA 
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<xi) SEQUENCE OBSCRIPTtOM: SEQ ID NO: 34: 

TCCCTTGCCC TGACCACTCT T 

(2) INTORMATIOM FOR SEQ ID NO: 35: 

(i.) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 34 base pairs 
(B> TYPE: nucleic acid 
<C) STRANDEONESS: single 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cONA 



21 
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(xi) 3SQUENCS DESCRIPTION: SSQ ID NO: 35 

CCTCT(3C3GC CGCC7T7TGC GTGOCTTCTC TGTT 

(2) INFORMATION TOR SEQ ID NO: 36: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 37 base pairs 
(3) TYPE: nuciaic acid 
<C) STRANDEONESS: 3ingie 
(D) TOPOLOGY: Linear 

(ii) MOLECULE TYPE: cONA 



(xi) SEQUENCE DESCRIPTION; SEQ ID ^fO:36: 

CCTCTGAGCT CAAGCTTGGT TTCCGCGGAC CACAATG 

(2) INTORMATION FOR SEQ 10 NO: 37: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 38 base pairs 
(3) TYPE: nucieic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cONA 



(xi) SEQUENCS DESCRIPTION: SEQ ID NO: 37: 
CCTCTGCGGC CGCTAAGCAG CTTATTTTTA CTGAATGG 
(2) INFORMATION FOR SEQ ID NO: 38: 

(1) SEQUENCS CHARACTERISTICS: 
(A) LENGTH: 37 base pairs 
(3) TYPE: nucleic acid 

(C) STRANDEONESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cONA 
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(xi) SIQUENCS DESCRIPTION: SEQ 10 NO :3a 
CCTCTGAGCT CAAGCTTGGT TTCCGGGGAC CACAATG 
(2) INTORMATION TOR SEQ ID MO: 39: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 33 ba9« pairs 

(B) rrPE: nuciaic acid 

(C) STRANXDEONSSS: singi© 
(0) TOPOLOGY: linear 

(ii) MOI^CJLS TYPE: cDNA 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 39: 
CCTCTGCGGC CGCCAGGGTA ACATCTATTC CAC 
{2) INFORMATION FOR SEQ ID NO: 40: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 35 base pairj 
O) TYPE: nuciaic acid 

(C) STRANDBONESS: aingia 

(D) TOPOLOGY: iinaar 

(ii) MOLECULE TYPE: cDNA 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 40: 
CCGAAGCTTC CACCATGAAC AAGTGGCTGT GCTGC 
(2) INFORMATION FOR SEQ ID NO: 41: 

Ci) SEQUENCE CHARACTERISTICS- 

(A) LENGTH: 40 baa« paira 

(B) TYPE: nuciaic acid 

(C) STRANDEDNESS : aingia 
<D) TOPOLOGY: linaar 

(ii) MOLECULE TYPE: cDNA 
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ixi) SEQUENCE DESCRrPTION; SEQ ID NO : 4 
CCTCTG7CGA CTATTATAAG CAGCTTATTT TCACGGATT 
(2) INrORMATION TOR SEQ 10 NO: 42: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 21 ba3« pairs 

(B) TYPE; nucleic acid 

(C) STRANOEONESS: single 
(DJ. TOPOLOGY: linear 

(ii) MOLECULE TCPZ: cONA 



(xij SEQUENCE DESCRIPTION: SEQ 10 NO: 42 

TCCCTTGCCC TGACCACTCT T 

(2) INrORWATION FOR SEQ 10 NO:43: 

<i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 35 base pairs 
(3) TYPE: nuclaic acid 
<C) STRANOEONESS : single 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cONA 



(xl) SEQUENCE DESCRIPTION: SEQ ID NO: 43: 
CCTCTGTCGA CTTAACACAC GTTGTCATGT GTTGC 
(2) INTORMATIOM FOR SEQ ID NO: 44: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 21 bastt pairs 

(B) TYPE: nuciatc acid 

(C) STRANDEONESS : single 

(D) TOPOLOGY: linear 



(ii) MOLECULE TYPE: cONA 
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(xi) SiQL^NCE DESCKXPTICN: SEQ ID MO: 44; 

TCCCTTGCCC TGACCACTC7 T 

(2) r>rrCRMATICN for SZQ id N0:43: 

(i) SSQUSKCE CHARACTERISTICS: 
(A> LENGTH: 35 base pairs 
(3) r»E: nucleic acid 

(C) STRANDEONESS: single 

(D) TOPOLOGY: linear 

(iiJ MOLECUI^ TYPE: cOWA 



21 



20 



25 



30 



(xi) SEQUENCE OESCRIPTtOM: SEQ ID NO: 45: 

CCTCTGTCGA CTTACTTTTG CGTGGCTTCT CTGTT 

(2> INFORMATION FOR SEQ ID NO: 46: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 1537 base pairs 
(3) TYPE: nucleic acid 

(C) STRANDEONESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cONA 
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(xi) SEQOIMC* DESCRIPTION: SEQ ID NO: 46: 
GTGAAGAGCQ TGAAGAGCGG TTCCTCCTTT CAGCAAAAAA CCCCTCAAGA 
GGCCCCAAGG GGTTATGCTA GTTATTGCTC AGCGGTGGCA GCAGCCAACT 
TCGGGCTTTC TTCTTCTTCT TCTTCTTTCC GCGGATCCTC GAGTAAGCTT 
CTGCAGGTCG ACACTAGTGA GCTCGAATTC CAACGCGTTA ACCATATGTT 
TAATTAGTTA AAACAAATCT AGAATCAAAT CGATTAATCG ACTATAACAA 
TGCGTAAACC TGTACGATCC TACAGGTACT TATGTTAAAC AATTGTATTT 
AATAGTGTGA CAAAAATCCA ATTTATTAGA ATCAAATGTC AATCTATTAC 
ATATATAACA CGCAAAACTT GCGACAAACA ATAGGTAAGG ATAAAGAGAT 



CCCOTTTAGA 
CAGCTTC C TT 
CCATGGTACC 
ATTCCTCCTT 
ACCATTTTCT 
CAAGCGATAT 
CGTTTTAATG 
GGGTATGAAA 



60 
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360 
420 
430 



wo 9-^3614 



PCT.LS36/:06;i 



10 



GACATAAATG CC3ACGACAC TTACAGAATA ATTAATAAAA TTAAAGCCTG TAGAAGCAAT 
AATGATATTA ATCAATGCTT ATCTGATATO ACTAAAATGG TACATTGTGA ArATTATTTA 
CTCGCGATCA TTTATCCTCA TTCTATGGTT AAATCTGATA TTTCAATTCT GGATAATTAC 
CC7AAAAAA? GGAGGCAATA TTATGATGAC GCTAAITTAA TAAAATATGA TCCTATAGTA 
GATTATTCTA ACTCCAAICA TTCACCGATT AATTGGAATA TATTTGAAAA CAATGCTGTA 
AATAAAAAAT CTCCAAATGT AATTAAAGAA GCGAAATCAT CAGGTCTTAT CACTGGGTTT 
AGTTTCCCTA TTCATACTGC TAATAATGGC TTCGGAATGC TTAGTTTTGC ACATTCAGAG 
AAAGACAACT ATATAGATAG TTTATTTTTA CATGCGTGTA TGAACATACC ArTAATTGTT 
CCTTCTCTAG 7TGATAATTA TCGAAAAATA AATAXAGCAA ATAATAAATC AAACAACGA7 
20 TTAACCAAAA GAGAAAAAGA ATGTTTAGCG TGGGCATGCG AAGGAAAAAG CTCTTGGGAT 
ATTTCAAAAA TATTAGGCTG TAGTAAGCGC ACGGTCACTT TCCATTTAAC CAATGCGCAA 
ATGAAAC7CA ATACAACAAA CCGCTGCCAA AGTATTTCTA AAGCAATTTT AACAGGAGCA 
ATTGATTGCC CATACTTTAA AAGTTAAGTA CGACS7CCAT ATTTGAATGT ATTTAGAAAA 
AIAAACAAAA GAGTTTCTAG AAACGCAAAA AGGCCATCCS TCAGGATGGC CTTCTGCTTA 
ATTTGATGCC TGGCACTTTA TGGCGGGCGT CCTGCCCGCC ACCCTCCGOG CCGTTOCTTC 
GCAACGTTCA AATCCGCTCC CGGCGGATTT GTCCTACTCA GGAGAfiCGTT CACCGACAAA 
CAACAOATAA AACGAAAGGC CCAGTCTTTC GACTSACCCT TTCGTrTTAT TTGATGCCTG 
GCAfiTTCCCT ACTCTCGCAT GGGGAGACCA TOCAIAC 
(2) INFOSMATtOM FOR SEQ ID NO: 47: 

40 (i) SEQOEUCE CHARACTERISTICS ; 

(Al LSHQTH: 43 b«att pairs 
<8) rrPE: nucleic acid 
(C) STRANDEONBSS : sinqlm 
(0) TOPOLOGY: linear 



30 
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(ii), MOLECXJLE TYPE: cONA 
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(xi) 3SQUSNCS DESCRIPTION: SEQ 13 MO: 47: 
CC3GCQ3ACA TTTATCACAC AC3CAGCTGAT GAGAAG77TC TTCATCCA 

(2) INTORMATION TOR SEQ ID MO: 48: 

(i) SEQUENCE CHARACTERISTICS; 
(A) LENGTH: 55 baaa pairs 
(3) TYPE: nucleic acid 

(C) STRANDEDNESS: aingla 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cOMA 

(xi) SEQUENCE DESCRIPTION: SEQ ID ^fO:4a: 
CGATTTGATT CTAGAAGGAG GAATAACATA TGGTTAACGC GTTGGAATTC GGTAC 55 
(2) INFORMATION FOR SEQ ID NO: 49: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 4 9 base paira 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cOKA 



33 (xi) SEQUENCE DESCRIPTION: SEQ ID NO:49: 

CGAATTCCAA CGCtSTTAACC ATATGTTATT CCTCCTTCTA GAATCAAAT 49 
(2) INTORMATION FOR SEQ ID NO: 50: 



<i) SEQUENCX CHARACTERISTICS: 

(A) LENGTH: 1546 base pairs 
(3) TYPE: nucleic acid 

STRANDEDNESS: single 
fO) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cONA 
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(xi) SSQUENCS 0E3CRI?T:cN: SZQ ID NO: 50: 





CCGTAACGTA 


TGCATGGTCT 


' CCCCATGCGA 


. GAGTAGGGAA CTGCCAGGCA TCAAATAAAA 


SO 


5 


CGAAAGGCTC 


AGTCGAAAGA 


CTGGGCC7TT 


CGTT7TATCT 


' GTTGTTTGTC 


: GGTGAACGCT 


120 




CTCCTGAGTA 


GGACXAXTCC 


vj V« w W WUnW^ 


GATTTGAACG 


■ TTGCGAAGCA 


t ACGGC^GGGA 

► •>W W^J^\ 


ISO 


10 








GCCAGGCATC 


AAATTAAGCA 


GAAGGCGATG 

wc^#^WWw w«\ 4 w 


240 




CTGACGGATG 


Gf" C T T *^T*^r* 


i * *>wTAw\A 


ACTCTTTTGT 


TTATTTTTCT 


AAATACATT^ 


300 




AAATATGGAC 


GTCGTA^'^TA 


APT^T*"! & Art 
i * i * AAAw 


TATGGGCAAT 


CAATTGCTCC 


TGTTAAAATT 


360 


15 


GCTTTAGAAA 


4 111 V>>W^ A 




GTATTGAGTT 


TCATTTGCGC 


ATTGGTTAAA 

'•44 WVJ 4 4 AA4^ 


420 




TGGAAAGTSA 




A**^ A.<**4rt/*r"^ 


AATATTTTTG 


AAATATCCCA 


AG AGC TTTTT 

*»**<»VJW 4*444 


480 


20 


CCTTCGCATG 


CCCACGCT AA 


A A T T<*^ *r*p T 

'^v— A 1 1 w A 1 4 1^ 


TCTCTTTTGG 


TTAAATCGTT 


GTTTGATTTA 


540 


TTATTTGCTA 


TATTTATTTT 


TGGAT AATT A 

4 w W A 4 X 4 A 


TCAACTAGAG 


AAGGAACAAT 


TAATGGTATG 


600 




TTCATACACG 


CATGTAAAAA 


T AAA^^T ATCT* 

1 AAJ\W 4 A ^ W X 


ATATAGTTGT 


CTTTCTCTGA 


ATGTGCAAAA 


660 


25 


CTAAGCATTC 


CGAAGCCATT 
wwnAS9V»WA^ 4 


ATTArt/^ ArtT» A 


TGAATAGGGA 


AACTAAACCC 


AGTGA7AAGA 


720 




CCTGATGATT 


TCGCTTCTTT 


AATTACATTT 


GGAGATTTTT 


TATTTACAGC 


ATTGTTTTCA 


780 


30 


AATATATTCC 


AATTAATCGG 


TGAATGATTG 


GAGTTAGAAT 


AATCTACTAT 


AGGATCATAT 


840 


TTTATTAAAT 


TAGCGTCATC 


ATAATATTGC 


CTCCATTTTT 


TAGGGTAAXT 


ATCCAGAATT 


900 




GAAATATCAG 


ATTTAACCAT 


AGAA7GAGGA 


TAAATGATCG 


CGAGTAAATA 


ATATTCACAA 


960 


35 


TGTACCATTT 


TACTCATATC 


AGATAAGCAT 


TGATTAATAX 


CATTATTGCT 


TCTACAGGCT 


1020 




TTAATTTTAT 


TAATTATTCT 


GTAAGTGTCG 


TCGGCATTTA 


TGTCTTTCAT 


ACCCATCTCT 


t ft ft A 
1 U 9 U 


40 


TTAXCCTTAC CTATTCTTTG TCGCAAGTTT 


TGCGTGTTAT 


ATATCATTAA 


AACGGTAATA 


1140 




GATTGACATT 


TGATTCTAAT AAATTGGATT 


TTTGTCACAC 


TATTATATCG 


CTTGAAATAC 


1200 




AATTGTTTAA 


CATAAGTACC 


TGTAGGAtCG 


TACAGGTTTA 


CGCAAGAAAA 


TGGJTTGTTA 


I2S0 


45 


TAGTCGATTA 


ATCGATTTGA 


TTCTAGATTT GTTTTAACTA ATTAAAGGAG GAA7AACATA 


1320 




TGGTTAACGC 


GTTGGAATTC 


GAGCTCACTA 


GTG7CGACCT 


GCAGGG7ACC 


ATGGAAGCT7 


1330 


50 


ACTCGAGGAT 


CCGCGGAAAG 


AAGAAGAAGA 


AGAAGAAAGC 


CCGAAAGGAA 


GCTGAGT7GG 


1440 




CTGCTGCCAC 


CGCTGAGCAA 


TAACTAGCAT 


AACCCCTTGG 


GGCCTCTAAA 


CGGGTCTTGA 


1500 



wo 97,22614 ?CT.rS9«/10<;: 



- 154 - 

GGGGTTTTTT GCTGAAAGGA GGAACCGCTC TTCACGCTCT TCACCC -545 
(2) INFORMATICN FOR SZQ ID ^0:51; 

5 

(i) SEQUENCE CHAW^CTEKISTICS : 
<A) LENGTH: 47 ba39 pairs 
(3) TYPE: nuciaic acid 
CC) STRANDEDNESS : single 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: CONA 



IS 
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fxi) SEQUENCE DESCRIPTION: SEQ ID NO: 51: 



TATGAAACAT CATCACCATC ACCATCATGC TAGCGTTAAC GCGTTGG 47 
i2) INFORMATION FOR SEQ ID NO: 32: 



(i) SEQUENCS CHARACTERISTICS: 

(A) LENGTH: 4 9 base p^iss 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

Hi) MOLECUt^ TYPE: cDMA 



(xi) SEQUENCE OESCRIPTION: SEQ ID NO: 52: 
AATTCCAACG CGTTAACGCT AGCATGATGG TGATGGTGAT GATOTTTCA 49 

(2) INFORMATION FOR SEQ ID NO: 53: 



(i) SEQUENCS CHARACTER ST ICS: 

(A) LENGTH: 141 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii> MOLECUM TYPE: cDNA 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO:53: 
CTAATTCCGC TCTCACCTAC CAAACAATGC CCCCCT3CAA AAAATAAATT CATATAAAAA SO 
ACATACAGAT AACCAtCTGC GGTGATAAAT TATCTCTGGC GGTGTTGACA TAAATACCAC 120 
TGGCGGTGAT ACTGAGCACA T 

141 

(2) INFORhtATION FOR SEQ ZD NO:54: 



(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 147 baae pairs 
(3) TYPE: nucleic acid 

(C) STRAND EDNESS: single 

(D) TOPOLOGY: linear 



(ii) MOLECUL£ TYPE: cONA 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 54: 
CGATGTGCTC AGTATCACCG CCAGTGGTAT TTATGTCAAC ACCGCCAGAG ATAATTTATC 60 
ACCGCAGATG GTTATCTGTA TGTTTTTTAT ATGAATTTAT TTTTTGCAGG GGGGCATTGT 120 

TTGGTAGGTG AGAGCGGAAT TAGACGT 
30 147 

(2) INFORMATION FOR SEQ ID NO: 53: 

(i) SEQCCNCS CHARACTERISTICS: 
«A) LENGTH: 55 h^sm pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cONA 

40 



Cxi) SEQUENCE DESCRIPTION: SEQ 10 N0:S5: 
CGATTTGATT CTAGAAGGAG GAATAACATA TGGTTAACGC GTTGGAATTC GGTAC 55 



50 



wo 9^/22614 



pcT-rs9<5/::o6:: 



- 1 



i o o 



10 



15 



25 



30 



40 



50 



(2) :>irOR>tATICN -CR SZQ ID NO:55: 

(i) SEQUENCE CHAAACTSKXSTICS : 
(A) LENGTH: 4 9 base pairs 
(3) TYPE: nucleic acid 

(C) STPANDED^fESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cONA 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 56: 

CGAATTCCAA CGCGTTAACC ATATGTTATT CCTCCTTCTA GAATCAAAT 

(2) INFORMATION FOR SEQ 10 NO: 57: 

20 (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 66d base pairs 
(3) TYPE: nucleic acid 
(C) STRANDEDNZSS : single 
(O) TOPOLOGY: linear 



(ii) MOLECULE TYPE: cONA 



<xi) SEQUENCE DESCRIPTION: SEQ ID NO: 57: 
GTGAAGAGCG TGAAGAGCGG TTCCTCCTTT CAGCAAAAAA CCCCTCAAGA CCCGTTTAGA 
35 GGCCCCAAGG GOTTATGCTA GTTATTGCTC AGCGGTGGCA GCACCCAACT CAGCTTCCTT 
TCGGGCTTTC TTCTTCTTCT TCTTCTTTCC GCGGATCCTC GAGTAAGCTT CCATGGTACC 



49 



60 
120 
130 



CTGCAGGTCG ACACTAGTGA GCTCGAATTC CAACGCGTTA ACCATATGTT ATTCCTCCTT 240 



300 



TAATTAGTTA ACTCAAATCT AGAATCAAAT CGATAAATTG TGAGCGCTCA CAATTGAGAA 

TATTAATCAA GAATTTTAGC ATTTGTCAAA TGAATTTTTT AAAAATTATG AGACGTCCAT 3 60 

45 ATTTGAATGT ATTTAGAAAA ATAAACAAAA GAGTTTGTAG AAACGCAAAA AGGCCATCCG 420 

TCAGGATGGC CTTCTGCTTA ATTTGATGCC TGGCAGTTTA TGGCGGGCGT CCTGCCCGCC 430 

ACCCTCCGGG CCGTTGCTTC GCAACGTTCA AATCCGCTCC CGGCGGATTT GTCCTACTCA 540 
GGAGAGCGTT CACCGACAAA CAACAGATAA AACGAAAGGC CCAGTC* ?C GACTGAGCCT 



600 
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TTCGTTTTAr TTGATGCCTG GCAGTTCCCT ACTCTCGCAT GGGGAGACCA TGCATACG7T 5 60 

ACGCACGT 5 53 

3 

(2) INFORMATION FOR SZQ ID NO :3a: 

(i) SSQUENCS CHARACTERISTICS: 

(A) LENGTH: 72 6 base pairs 
10 (B) TY?E: nucleic acid 

(C) STRANDEDtfESS : singia 
(0) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cONA 

7 c 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 53: 

20 

GCGTAACGTA TGCATGGTCT CCCCATGCGA GAGTAGGGAA CTGCCAGGCA TCAAATAAAA 60 

CGAAAGGCTC AGTCGAAAGA CTGGGCCTTT CGTTTTATCT GTTGTTTGTC GGTGAACGCT 120 

25 CTCCTGAGTA GGACAAATCC GCCGGGAGCG GATTTGAACG TTGCGAAGCA ACGGCCCGGA 130 

GGGTGGCGGG CAGGACGCCC GCCATAAACT GCCAGGCATC AAATTAAGCA GAAGGGGCCT 2 40 

CCCACCGCCC GTCCTGCGGG CGGTATTTGA CGGTCCGTAG TTTAATTCGT CTTCGCCATC 300 

30 

CTGACGGATG GCCrTTTTGC GTTTCTACAA ACTCTTTTGT TTATTTTTCT AAATACATTC 3 60 

AAATATGGAC GTCTCATAAT TTTTAAAAAA TTCATTTGAC AAATGCTAAA ATTCTTGATT 420 

35 AAXATTCTCA ATTGTGAGCG CTCACAATTT ATCGATTTGA TTCTAGATTT GTrtTAACTA 480 

ATTAAAGGAG GAATAACATA TGGTTAACGC GTTGGAATTC GAGCTCACTA GTGTCGACCT 5 40 

GCAGGGTACC ATGGAAGCTT ACTCGAGGAT CCGCGGAAAG AAGAAGAAGA AGAAGAAAGC 600 

40 

CCGAAAGGAA GCTGAGTTGG CTGCTGCCAC CGCTGAGCAA TAACTAGCAT AACCCCTTGG 6 60 

GGCCTCTAAA CGGGTCTTGA GGG G T XTT TT GCTGAAAGGA GGAACCGCTC TTCACGCTCT 7 20 
45 TCACGC 
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(2) INFORMAriCN FOR SEQ 10 NO: 59: 

(iJ SZQUiNCE CHABACTSRISTICS : 
(A) LXNGTH: 44 baje pairs 
5 {a> ?Yp£: nucleic acid 

(C) oTBANDEDWSSS : single 

(D) . TOPOLOGY: linear 

(ii) MOL£CUL£ TYPE: cONA 

10 



(xi) SEGUEKCE DESCRIPTION: 3EQ ID NO:S9: 
TACGCACTTC ATCCTTATAA GCAGCTTATT TTTACTGATT GGAC 
(2) I>7T0RKATI0M FOR SEQ 10 NO: 60: 

£i) SEQUENCE CHARACTERISTICS: 

(A) LSNGTH: 27 ba^e pairs 

(B) TYPE: nucleic acid 
<C) STRANDEDNESS: single 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cONA 



30. 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 60: 

GTCCTCCTGG TACCTACCTA AAACAAC 

35 (2) INTORMATIOM TOR SEQ ID MO: 61: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LS2IGTH: 102 baje pairs 
O) TY^E: nucleic acid 
(C> STRANDEDNESS: single 
(0) TOPOLOGY: linear 



40 



45 



(ii) MOLECULE TYPE: cONA 



27 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 61: 
TATGGAIGAA GAAACTTCTC ATCAGCTGCT GTGTGATAAA TGTCCGCCGG GTACCCGGCG 60 
50 GACATTTATC ACACAGCAGC TGATGAGAAG TTTCTTCATC CA 



02 
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(2) INr OPilATrON "OR SSQ ID ^0:62: 

{il SSQUZNCS CHAHACTSRISTICS : 
5 (A) LENGTH: 19 amino acida 

(3) TYPE: amino acid 

(C) STRANDEDNESS; single 

(D) TOPOLOGY: linear 

10 (ii) MOLECULE TYPE: protein 



15 



20 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 62: 

Met Aap Glu Giu Thr Ser His Gin Leu Leu Cys Aap Lys Cya Pro Pro 

15 10 15 

Giy TJir Tyr 



t2) INFORMATION FOR SEQ ID NO: 63; 



(i) SEQUENCE CHARACTERISTICS; 
(A) LENGTH: 84 ba^e pairs 
25 (B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 
(0) TOPOLOGY: linear 



30 



(ii) MOLECULE TYPE: cDNA 



35 



(xi) SEQUEMCS DESCRIPTION: SEQ ID NO: 63: 

TATGGAAACT TTTCCTCCAA AATATCTTCA TTATGATGAA GAAACTTCTC ATCAGCTGCT 60 

GTGTOATAAA TGTCCGCCGG GTAC 3 4 
40 (2) INFORMATION FOR SEQ ID NO: 64: 

<i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 73 baa* pairs 

(B) TYPE: nuclaic acid 
45 (C) STRANDEDNESS: singl« 

(D) TOPOLOGY: linMr 



(ii) MOLECULE TYPE: cONA 
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(xi) 3ZQUSNCS CESCRIPTrCN : StQ ID SO: 64: 
CCGGCGGACA TTTATCACAC AGCAGCTGAT GAGAAGTTTC TTCATCATAA TGAAGATATT SO 
TTGGAGGAAA AGTTTCCA 
(2) INFORMATION FOR SEQ 10 NO: 65: 

(i) SSQCJENCE CHARACTERISTICS: 
(A) LENGTH: 44 base pairs 
O) TYPE: nucleic acid 
fC) STRANDEONESS: single 
(D) TOPOLOGY: linear 



15 



(ii) MOLECULE TYPE: cOMA 



20 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 65: 
TACGCACTGC ATCCTTATAA GCAGCTTATT TTCACGGATT GAAC 
23 (2) INFORMATION FOR SEQ ID NO: 66: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LE2IGTH: 38 base pairs 

(B) TYPE: nucleic acid 
30 <C) STKAMDEDNESS: single 

(D) TOPOLOGY: linear 

tii) MOLECULE TYPE: cDNA 

35 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 66: 
40 GTGCTCCTGG TACCTACCTA AAACAGCACT GCACAGTG 
(2) INFORMATION FOR SEQ ID NO: 67: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 34 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 



50 



(ii) MOLECULE TYPE: cDNA 
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(xi) 3EQUENCS DESCRIPTION: SZQ Z3 NO : 67 : 

5 

TATGGAAAC7 CTGCCTCCAA AATACCTGCA TTACGATCCG GAAACTGGTC A7CAGCTGCT 50 

GTGTGATAAA TGTGCTCCGG G7AC 34 

10 (2 J I>rFOPMATXON cOR SSQ ID MO: 68: 

(i) SSQUENCi CHARACTSRISTICS: 
(A) LENGTH; 79 baaa pairs 
(3) TYPE: nucleic acid 
15 (C) STRANDEDNES3 : single 

(D) TOPOLOGY: linear 



20 



(iiJ MOLECULE TYPE: cONA 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 68: 
25 CCGGAGCACA TTTATCACAC AGCAGCTGAT GACCAGTTTC CGGATCGTAA TGCAGGTATT SO 
TTGGAGGCAG AGTTTCCA 73 
(2) INFORMATION FOR SEQ ID NO: 69: 

30 

(i) SSQUEKCS CHARACTERISTICS: 

(A) LENGTH: 54 bas« pairs 
(3) TYPS: nucleic acid 
(C) STRANDCDNS5S : single 

35 (0) TOPOLOGY: linear 

<ii) MOLECULE TYPE: cONA 

40 . 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 69: 

TATGGACCCA GAAACTGGTC ATCAGCTGCT GTGTGATAAA TGTGCTCCGG GTAC 5 4 

45 (2) INTORMATIOM FOR SEQ ID NO: 70: 

(il SEQUENCE CHARACTERISTICS: 
<A) LENGTH: 48 base pairs 

(B) TYPE: nucleic acid 
20 (C) STRAND ECNSS S : single 

<D) TOPOLOGY: linear 



'^0 97r^6l4 ?CrTXS9^Z062: 
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(iil MOLZCULZ TY?E: cCNA 

(xi) SiQUENCS DESCRIPTION: SEQ ZD MO: 70: 
CCGGAGCACA TTTATCACAC AGCAGCTGAT GACCAGTTTC TGGGTCCA 48 
(2) XNTORMATION TOR SEQ ID NO: 71: 



(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 37 baae pairs 
15 {B) TYPE; nucleic acid 

(C) STRANDEDNESS: aingie 
(0) TOPOLOGY: linear 



Cii) MOLECULE TYPE: cONA 



(Xi) SEQUENCE OSSCRXPTZON: SEQ ID NO: 71: 

25 

TATGAAAGAA ACTCTGCCTC CAAAATACCT GCATTACGAT CCGGAAACTG GTCATCAGCT 60 

GCTGTGTGAT AAATGTGCTC CGGGTAC 87 

30 (2) INFORMATION TOR SEQ ID NO: 72: 

(i) SEQXJCNCS CHARACTERISTICS: 
(A) LENGTH: 81 base pairs 
O) TYVC: nucleic acid 
35 (C) STRANDCDNESS : single 

(O) TOPOLOGY: linear ^ 



(ii) MOXXCUtS TY?S: cONA 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 72: 
45 CCGGAGCACA TTTATCACAC AGCAGCTGAT GACCAGTTTC CGGATCGTAA TGCAGGTATT 60 
TTGGAGGCAG AGTTTCTTTC A 81 

50 



10 



30 



40 
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(2) INFORWAXrCN TOR SZQ 13 SO:73: 

(i) ScQCSNCE CHARACTSI^ISTICS: 
(A) LZNGTH: 71 baaa pairs 
(3) rrPS: .-lucieic acid 

(C) STAWTOEDNESS; single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cCNA 



(xi) SEQUENCE CESCRIPTrON: SEQ ID NO: 73: 

15 

GTTCTCCTCA TATGAAACAT CATCACCATC ACCATCATGA AACTCTGCCT CCAAAATACC 60 
TGCATTACGA T . . 

2 0 (2) INFORMATION FOR SEQ ID NO: 74: 

Ci) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 43 base pairs 

(B) TYPE: nucleic acid 
25 (C) STRANDEONESS: Single 

(D) TOPOLOGY: linear , 



(ii) MOLECULE TYPE: cONA 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO:74: 
35 GTTCTCCTCA TATGAAAGAA ACTCTGCCTC CAAAATACCT GCA 43 
(2) INFORMATION FOR SEQ ID NO: 75: 



<i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 76 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

fii) MOLECULE TYPE: cONA 



50 
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txi) SiQUSNCS -£SCai?TrCN: SZQ 12 MO: 75: 
TACGCACTGG ATCCTTAATG ATGGTGATCX; TGATGATGTA AGCAGCTTAT TTTCACGGAT 50 
rCAACCTGAT TCCCTA 

(2) IMFOPWATION TOR SZQ ID NO: 76: 

Ci) SEQUENCE CHAilACTERISTICS : 
(A) L£NGTH: 47 base pairs 
(3) TYPE: nucleic acid 

(C) STRANDEDNESS: aingie 

(D) TOPOLOGY: linear 

^3 fii) MOLECULE TYPE: cONA 



10 
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(xi) SEQUENCE DESCRIPTION: SEQ 10 NO: 76: 

GTTCTCCTCA TATGAAATAC CTGCATTACG ATCCGGAAAC TGGTCAT 47 

<2) INFORMATION TOR SEQ ID NO : 77 : 

<i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 43 ba3« pairs 
(a) TYPE: nucleic acid 
(C) STRANOEDNESS : single 
(O) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cOHA 

(x±) SEQUENCE DESCRIPTION: SEQ 10 NO: 77: 
GTTCTCCTAT TAATGAAATA TCTTCATTAT GATGAAGAAA CTT 43 
(2) INFORMATION FOR SEQ 10 NO: 79: 

(i) SEQUENCE CHARACTERISTICS: 
{A) LENGTH: 40 base pairs 
(3) TYPE: nucleic acid 

(C) STRANOEDNESS: single 

(D) TOPOLOGY: linear 



50 



<ii) MOLECULE TYPE: cONA 
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(xi) SEGCjTNCS 0£3CRI?TICN: SZQ ID NO: 73: 

5 TACGCACTGG ATCCTTATAA GCAGCTTATT TTTACTGATT 4q 

(2) INFCRMATION FOR S£Q 10 MO: 79: 

(i) SEQUENCE CHARACTERISTICS: 
10 (A) LENGTH: 40 ba^e pairs 

(3) TYPE: aucieic acid 
(C) STRANDEDNESS : single 
<0) TOPOLOGY: linear 

IS (ii) MOLECULE TYPE: cONA 



20 (xi) SEQUENCE DESCRIPTION: SEQ ID NO:79: 

GTTCTCCTCA TATGGAAACT CTGCCTCCAA AATACCTGCA 40* 
(2) INFORMATION FOR SEQ ID NO: 80: 

25 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 43 baae pairs 
(3) TYPE: nucleic acid 
iC) STRANDEONESS : single 
30 <D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cONA 

(x4) SEQUENCE OBSCRIPTtOM: SEQ ID NO: 30: 
TACGCACTGG ATCCTTATGT TGCAXTTCCT TTCTGAATTA GCA 43 
(2) INFORMATION FOR SEQ ID NO: 81: 



35 



40 



(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 13 base pairs 
45 (3) TYPE: nucleic acid 

(C) STRANDEONESS: single 

(D) TOPOLOGY: linear 



50 



(ii> MOLEOn^ TYPE: cONA 
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(xi) SEQUZNCS DESCRIPTION: SZQ 13 >iO:31; 
5 CCGGAAACAG ATAATGAG 

13 

(2) INFORXATION FOR S£Q ID NO:82: 

SEQUENCE CHARACTSRISTICS: 
(A) LENGTH: 19 base pairs 
(S) TYPE: nucleic acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: linear 

<ii) MOLECULE. TYPE: cONA 



(xi> SEQUENCE DESCRIPTION: SEQ ID NO: 32: 
GATCCTCATT ATCTGTTT 

MATION rOR SEQ ID NO: 33: 

SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 30 baae pairs 

(B) TYPE: nucleic acid 

(C) STRANDEONESS : Single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 



35 

<xi) SEQUENCE OBSCRXPTIOM: SEQ 10 NO: 83: 
CCGGAAACAO AGAAGCCACG CAAAAGTAAG 

40 

(2) INTORMATION FOR SEQ ID NO: 84: 

(i) SEQUENCE CHARACTERISTICS: 
<A) LENGTH: 30 bas« pairs 

(B) TYPE: nucleic acid 

(C) STRANDEONESS: single 

(D) TOPOLOGY: linear 



10 



(2) INFORJ 

25 

(i) 



30 



50 



(ii) MOLECULE TYPE: cCNA 
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(Ki) SiQUENCS DESCRIPTION: SEQ ID KO : 3 
GATCCTTACT TTTGCGTGGC TTCTCTGTrT 
(2) INTORMATION TOR SEQ ID MOrSS: 

(i) 3EQUENCZ CHARACTERISTICS: 

(A) LENGTH: 12 b4M pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

Cii) MOLECULE TYPE: cONA 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 85 
TATGTTAATG AG 

(2) INFORMATION FOR SEQ ID MO: 96: 

Ci) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 14 baae pairs 

(B) TYPE: nucleic acid 

(C) STRANDEONESS : single 
(0) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cONA 



(xi) SEQUENCE DESCRIPTION: SEQ 10 NO: 96: 
GATCCTCATT AACA 

(2) INFORMATION FOR SEQ ID NO: 87: 

(il SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 21 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 
(O) TOPOLOGY: linear 

(ii) MOLECULE TYPE: 'cDNA 
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ixi) SZQUSNCS OESCRIPriON: SEQ ZD MO:87 
TATGTTCCGG AAACAGTTAA G 
(2) INFOSMATICN FOR SEQ ID NO: 33: 

Ci) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 23 ba3« pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cONA 



<xi) SEQUENCE DESCRIPTION: SEQ ID NO: 38: 

GATCCTTAAC TGTTTCCGGA ACA 

(2) INFORMATION FOR SEQ ID NO: 89: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 3S baaa pairs 
iS) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cONA 

(Xi) SEQUENCE OESCKIPTION: SEQ 10 NO: 89: 
TATGTTCCGG AAACAGTGAA TCAACTCAAA AATAAG 

(2) INFORMATION FOR SEQ 10 NO: 90: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 38 base pairs 
O) TYPE: nucleic acid 
(C) STRANDEDNESS: single 
CD) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cONA 
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(xi) SEQUSNCS DESCRIPTION: SZQ ZO NO ; 90 : 
GATCCTTATT TTTGAGTTGA TTCACTGTTT CCKAACA 
(2) INFORMATION FOR SEQ 13 MO: 91: 



33 



(i) SZQV^CZ CHARACTERISTICS: 

(A) LENGTH: 10 0 base pairs 
(8) TYPE: nucl«ic acid 
CO STRANOSDNESS: aingla 
IS <D) TOPOLOGY: linear 

(ii) MOLECULE TY?E: CDNA 



20 



<xi) SEQUENCE DESCRIPTION: SEQ ID MO: 91: 

25 

CTAGCGACGA CGACGACAAA GAAACTCTGC CTCCAAAATA CCTGCATTAC GATCCGGAAA $0 
CTGGTCATCA GCTGCTGTGT GATAAATGTG CTCCGGGTAC 100 
30 <2) INFORMATION FOR SEQ ID NO: 92: 

( i ) SEQUENCE CHARACTERISTICS : 
(A) LENOTM: 92 baae pairs 
O) TYPS: nueX«ic acid 
33 CO STRANDCDNESS : single 

(0) TOPOLOGY: linear 



(ii) MOLSCUIX TYPE: cDNA 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 92: 
45 CCGGAGCACA TTTATCACAC AGCAGCTGAT GACCAGTTTC CGGATC3TAA TGCAGGTATT 60 
TTGGAGGCAG AGTTTCTTTG TCGTCGTCGT CS 92 



50 
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(2) rNcORMATrCM TCR SZQ ZD 1^0:93: 

(i) SSQCENCS CHAPACTEHISTXCS : 

(A) L£NGTH: 2 5 base pairs 

(B) TYPE: nuciaic acid 

(C) 3TRAOTEDNESS: aingla 
(0) TOPOLOGY: linear 

(ii) M0L2CUL£ TYPE: cOMA 



ixl) SEQUENCE DESCRXPTtON; SEQ 10 NO: 93: 
ACAAACACAA TCGATTTGAT ACTAGA 
(2) INcORMATION TOR SEQ ID NO: 94: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 50 baaa pairs 

(B) TYPE: nuciaic acid 
CO STRANOEDNESS: aingla 
(D) TOPOLOGY: linaar 

(ii) MCLECULfi TYPE: cONA 



(xi) SEQUZNCS DESCRIPTION: SEQ ID NO: 94: 
TTTGTTTTAA CTAAXTAAAG GAGGAATAAA ATATGAGAGG ATCGCATCAC 
<2) INFORMATION rOR SEQ ID NO: 95: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LSNGTH: 50 ba3« paira 

(B) TYPE: nuciaic acid 

(C) STRANDEDNESS : aingla 
(0) TOPOLOGY: linaar 

(ii) MOLECULE TYPE: cONA 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 95: 
CATCACCATC ACGAAACCTT CCCGCCGAAA TACCTGCACT ACGACGAAGA 
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(2) INFORMATION TOR SEQ ID NO: 96: 

(i) SSCUENCS CHARACTZRISTICS: 
(A) LZNGTH: 49 baaa pairs 
O) TYPE: nucleic acid 

(C) STRAKDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cONA 



{xi) SEQUENCE DESCRIPTION: SEQ ID NO: 96: 

15 

AACCTCCCAC CAGCTCCTGT GCGACAAATG CCCGCCGGGT ACCCAAACA 49 
(2) INFORMATION FOR SEQ ID n6:97: 

20 (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 2 6 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNE3S : single 

(D) TOPOLOGY: linear 



(ii) MOLECULE TYPE: cONA 



(xi) SEQXreNCE DESCRIPTION: SEQ ID NO: 97; 
TGTTTGGGTA CCCGGCGGGC ATTTGT 
35 (2) INTORMATIOM FOR SEQ 10 NO: 98: 



26 



<i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: SO base peirs 
(a) TYPE: nucleic acid 
(C) STRANDEONESS: single 
(O) TOPOLOGY: linear 

(ii> MOLECULE TYPE: cDNA 



<xi) SEQUm:s DESCRIPTION: SEQ ID NO: 98: 
50 CGCACAGCAG CTGGTGGGAG GTTTCTTCGT CGTAGTGCAG GTATTTCGGC 50 
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(2) INFCRMATICN TOR SEQ ID SO: 99: 

(i) SEQUENCE CHAi^CTERX3riCS : 

(A) LENGTH: 49 baaa pairs 

(B) TYPE: nucleic acid 

(C) STRANDEONESS; Single 

(D) TOPOLOGY: linear 

fii) MOLECULE TYPE: cONA 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 99: 
GGGAAGGTTT CGTGATGGTG ATGGTGATGC GATCCTCTCA TATTTTATT 
(2) INTORHATION TOR SEQ ID NO: 100: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: SO ba3« pairs 
(B> TYPE: nucleic acid 
(C) STRANDEONESS : single 
(0) TOPOLOGY: linear 

<ii) MOI^CULE TYPE: cONA 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 100: 
CCTCCTTTAA TTAGTTAAAA CAAATCTAGT ATCAAATCGA TTGTGTTTGT 
(2) INFORMATION FOR SEQ ID NO:101: 

(i) SEQUENCr CHARACTERISTICS: 
(A) LENGTH: 59 bas« pairs 
(8) TYPE: nucleic acid 
<C) STRANDEONESS: single 
<0) TOPOLOGY: linear 

(ii) MOLSCULfi TYPE: cONA 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO:10I: 

^CACAA TCGATTTGAT ACTAGATTTG TTTTAACTAA TTAAAGGAGG AATAAAATG 
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(2) rNFOP^MATICN fCR SZQ ID NO; 102: 

(i) SSQU£NCS CHARACTSRISTXCS : 
(A) LENGTH: 4 8 baae pairs 
5 (3) TYPE: nuciaic acid 

(C) STRAWDEDNESS: single 

(D) TOPOLOGY: lin«ar 
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25 



30 



40 



45 



(ii) MOLECULE TYPE: cONA 



(xi) SEQtJENCE DESCRIPTION: SEQ ID NO:102:. 
CTAATTAAAG GAGGAATAAA ATGAAAGAAA CTTTTCCTCC AAAATATC . 43 

(2) INFORMATION TOR SEQ ID NO: 103: 

20 (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 31 bas« pairs 

(B) TYPE: nuciaic acid 

(C) STRANDEDNESS: single 
(O) TOPOLOGY: linear 



(ii) MOLECULE TYPE: cONA 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 103: 
TGTTTGGGTA CCCGGCGGAC ATTTATCACA C 31 
35 (2) INTORMATIOM TOR SEQ ID NO: 104: 



(i) SEQUIHCS CHARACTERISTICS: 
(A) LENGTH: 59 bas« pairs 
(a) TYPS: nucleic acid 
(C) STRANDEONSSS : Single 
(0) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cONA 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 104: 
50 ACAAACACAA TCGATTTGAT ACTAGATTTG TTTTAACTAA TTAAAGGAGG AATAAAATG 59 
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(2) INrCRMATICM TCR SZQ ID MO: 105: 

(i) SZQtJZSCZ CHABACrr.^ISTICS: 
(A) L2NGTH: 54 ba^e pairs 
(3) TYPE: nucleic acid 
(CJ S7K^mzvUZSS: single 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPS: cONA 



(xi) SEQUENCE DESCRIPTION: SEQ ID MO: 105: 
CTAATTAAAG GAGGAATAAA ATGAAAAAAA AAGAAACTTT TCCTCCAAAA TATC 54 
(2> INFORMATION FOR SEQ ID MO: 106: 

(i) SEQUENCE CHARACTERISTICS: 
<A) LENGTH: 31 base pairs 
<B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 106: 

TGTTTGGGTA CCCGGCGGAC ATTTATCACA C 

(2) INFORMATION FOR SEQ 10 NO: 107: 

(i> SEQUENCE CHARACTERISTICS: 
<A) LENGTH: 44 toes« peire 
(3) TYPE: nucleic acid 

(C) STRANDSDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cONA 



50 



(xi) SEQUENCE DESCRIPTION: SEQ ID MO: 107: 
CAGCCCGGGT AAAATGGAAA CGTTTCCTCC AAAATATCTT CATT 



44 



wo r 
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(2) rNFORMATICN TOR S£Q ID MO: 103: 

(i) SECUZNCS CKAiUVCTEKISTrCS : 
(A) L£NGTH: 44 baaa pairs 
5 (B) TYPE: nucleic acid 

(C) STRAOTEDNESS: single 

(D) TOPOLOGY: linear 



10 



15 



(ii) MOLEOJLS TYPE: cONA 

(xi) SEQUEMCE DESCRIPTION: SEQ ID NO: 10 8: 
CGTTTCCATT TTACCCOGCC TGAGCGAGAG GCTCTTCTGC GTGT 4 4 

(2) IMFORWATION FOR SEQ ID KG: 10 9: 

20 (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 45 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDE0NESS : Single 

(D) TOPOLOGY: linear 



25 



(ii) MOLECULE TYPE: cDNA 



30 

(xi) SEQUENCE DESCRIPTION: SEQ ID MO: 10 9: 

CGCTCAGCCC GGGTAAAATG GAAACGTTGC CTCCAAAATA CCTGC 45 

35 (2) INTOBMATIOM FOR SEQ ID MO: 110: 

Ci) SEQUENCS CHARACTERISTICS: 
(A> LENGTH: 3 9 bas« pairs 
(31 TYPE: nucleic acid 
40 (C) STRANDEDNSSS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cONA 



(xi) SEQUENCS DESCRIPTION: SEQ ID NO: 110: 
50 CCATTTTACC CGGGCTGAGC GAGAGGCTCT TCTGCGTGT 



39 
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(2) ,rNcOW-lATICN rCR S£Q ZO N0:111: 

(i) iiGLTNCS CHAKACTSRISTICS; 

(A) LENGTH: 3S ba^e pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : aingie 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE; cDNA 



(xi) SEQUENCE DESCRIPTION: SEQ 10 NO: III: 

GAAAATAAGC TGCTTAGCTG CAGCTGAACC AAAATC 35 

(2) INFORMATION FOR SEQ ID NO: 112: 

20 (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH : 34 base pairs 
(3) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 



25 



(ii) MOL£CXn*E TYPE: cDNA 



30 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:112: 

CAGCTGCAGC TAAGCAGCTT ATTTrCACGG ATTG 

35 <2) INFORMATIOH FOR SEQ 10 HO: 113: 

(i) SSQUEHCS CHARACTERISTICS: 
<A) LEKGTR: 36 baa« pairs 
(a) TYPC: nucleic acid 

(C) STRANDSDNSSS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cONA 



50 



<xi) SEQUZNCE DESCRIPTION: SEQ ID NO: 113: 
AAAAATAAGC TGCTTAGCTG CAGCTGAACC AAAATC 



36 
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(2) INcORMATION TOR S£Q 12 SO: 114: 

<i) SiQUENCS CHAi^ACTIRISTXCS: 

(A) LENGTH: 35 baaa pairs 

(B) TYPE: nucleic acid 

(C) STRANDSCNES3 : 3ingi« 
(D> TOPOLOGY: linear 

(ii) MOLECULE TYPE: cOMA 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 114: 



CAGCTGCAGC TAAGCAGCTT ATTTTTACTG ATTGG 
(2) INFORMATION FOR SEQ ID NO: 115: 



33 



(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 102 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEONESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cONA 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 113: 
CTAGAAGGAG GAATAACATA TGGAAACTTT TGCTCCAAAA TATCTTCATT ATGATGAAGA 
AACTAGTCAT CAGCTGCTGT GTGATAAATG TCCGCCGGGT AC 
(2) mrORMATION FOR SEQ ID NO: 11$: 

(i) SEQUENC2 CHARACTERISTICS: 
(A) LENGTH: 94 base pairs 
O) TYPE: nucleic acid 
<C) STRANPEDNESS: Single 
(D) TOPOLOGY: linear 

<ii) MOLECULE TYPE: cONA 
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(xiJ SEQUSNCS DESCaiPTION: SZQ ZD NO: 115: 
C==OCGOACA TTTATCACAC AGCAGC7GAT GACTAGTTTC TTCATCATAA TGAAGATAT? 50 
TTGGAGCAAA AGTTTCCATA TC77ATTCCT CCTT 

94 

(2) INFORMAXrON FOR SEQ ID NO: 117: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 62 baae pairs 
O) TYPZ: nucleic acid 
(C> STRANOEONESS : single 
(D) TOPOLOGY: linear 

iS (ii) MOLECULE TYPE: cONA 



10 



20 



25 



30 



(xi> SEQUENCE OESCHIPTIOM: SEQ 10 NO: 117: 

CTAGAAGGAG GAATAACATA TGGAAACTTT TCCTGCTAAA TATCTTCATT ATGATGAAGA 
AA 

62 

(2) INFORMATION FOR SEQ ID NO: 118: 



(i) SEQUENCE CHARACTERISTICS- 
(A) LENGTH: 62 ba*« p.irs 
(8) T»B: nucleic acid 
(C) STRANOEONESS: single 
(0) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cOMA 



SEQUENCE DESCRIPTION: SEQ ID NO:lia: 

CTAGTTTCTT CATCATAATG AAOATATTTA GCAOGAAAAO TTTCCATATO TTATTCCTCC 
TT 

45 (2) INFORMATION FOR SEQ ID NO: 119: 

(i) SEQUENCE CHARACTERISTICS- 
, (A) LENGTH: 31 amino acids 
CQ TYPE: aiBABo acid 

STRANOEONESS: single 
(0) TOPOLOGY: linear 
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10 



30 



35 



45 



(ii) MOL£CUL£ TYPE: protein 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 119: 

Tyr His Tyr Tyr Aap Gin Asn Gly Arg Met Cys Glu Glu Cys His Met 

1 5 10 15 

Cya Gin Pro Gly His Phe Lau Vai Lys His Cys Lys Gin Pro Lys Arg 
20 25 30 



Asp Thr Vai Cys His Lys Pro Cys Glu Pro Giy Vai Thr Tvr ?hr Asp 

13 35 40 45 ' 

Asp Trp His 
50 

20 (2) INFORMATION FOR SEQ ID NO: 120: 

(i) SEQUENCE CHARACTERISTICS; 

(A) LENGTH: 2432 base pairs 

(B) TYPE: nucleic acid 
25 (C) STRANDEONESS: single 

<D) TOPOLOGY: linear 



(ii) MOLECULE TYPE: cONA 



(ix) FEATURE: 

(A) NAME/KEY: CDS 

(B) LOCATION: 124.. 1326 



(xi) SSQ^ENCS DESCRIPTION: SEQ ID NO: 120: 
ATCAAAGGCA GGGCATACTT CCTGTTGCCC AGACCTTATA TAAAACGTCA TGTTCGCCTG 60 
40 GGCAGCAGAQ AAGCACCTAO CACTGGCCCA GCGGCTGCCG CCTGAGGTTT CCAGAGGACC 120 



ACA ATG AAC AAG TGG CTG TGC TGT GCA CTC CTO GTG TTC TTG GAC ATC 168 
Met Asn Lys Trp Leu Cys Cys Ala Leu Leu Vai Phe Leu Asp lie 

^5 10 15 

ATT GAA TGG ACA ACC CAG GAA ACC TTT CCT CCA AAA TAC TTG CAT TAT 216 
lie Glu Trp Thr Thr Gin Giu Thr Phe Pro Pro Lys Tyr Leu His Tyr 

20 25 SO- 



SO 
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GAC CCA 3AA ACC GGA C3T CAG CTC TTG TGT GAC AAA TGT GCT CCT GGC 
A3P Pro 31u T.'ir Gly Argr Gin tau Lau Cys Aap Lya Cya Ala Pro Gly 
35 40 45 



CCT TGC CCT GAC TAC TCT TAT ACA GAC AGC TGG CAC ACG AGT GAT GAA 
Pro Cys Pro Aap Tyr Ser Tyr Thr Asp S«r Trp His Thr Sac Asp Glu 

SS 70 75 

TGC GTG TAC TGC AGC CCC GTG TGC AAG GAA CTO CAG ACC GTG AAA CAG 
1 = ^^'^ ^" "^^^ "^iu Lau Gin Thr Val Ly, cin 

30 85 90 95 

GAG TGC AAC CGC ACC CAC AAC CGA GTG TGC GAA TGT GAG GAA GGG CGC 
Glu Cys Asn Arg Thr Hia Aan Arg Val Cya Glu Cya Glu Glu Gly Arg 
100 105 110 



AGA TGT CCG GAT GGG TTC TTC TCA GGT GAG ACS TCA TCG AAA GCA CCC 
Arg Cys Pro Asp Gly ?h« Ph« S«r Gly Glu Thr Sar Sar Lys Aia Pro 
145 150 

TGT AGG AAA CAC ACC AAC TGC AGC TCA err GGC CTC CTG CPA ATT CAG 

w« S*' Ol-y I^u Ii« Gla 

35 ISO 1S5 



as4 



ACC TAC CTA AAA CAG CAC TGC ACA GTC AGG AGG AAG ACA CTG TGT GTC 312 
Thr Tyr Lau Lys Gin His Cys Thr Val Arg Arg Lya Thr Leu Cys Val 
SO 55 60 



360 



403 



456 



TAC CTG GAG CTC GAA TTC TGC TTG AAG CAC CGO AGC TGT CCC CCA GGC 50 4 

Tyr Lau Glu Lau Glu Pha Cys Lau Lys His Arg Sar Cys Pro Pro Gly 
lis 120 125 

TTG GGT GTG CTG CAG GCT GGG ACC CCA GAG CGA AAC ACG GTT TGC AAA 552 
Lau Gly val Lau Gin Ala Gly Thr Pro Glu Arg Asn Thr Val Cya Lys 
130 135 140 



$00 



648 



AAA GSA AAI GCA ACA CAT GAC AAT GTA TGT TCC GGA AAC AGA GAA GCA 696 
Lys Gly Asa Ala Thr His Asp Asn Val Cys Sac Gly Asa Arg Glu Ala 

180 185 190 

ACT CAA AAT TOT GGA ATA GAT GTC ACC CTG TGC GAA GAG GCA TTC TTC 744 
.hr Gin Asn Cys Gly Ila Asp Val Thr Lau Cys Glu Glu Ala Pha Pha 

135 200 205 

AGG TTT GCT GTG CCT ACC AAG ATT ATA CCG AAT TGG CTC AGT GTT CTG 792 
Arg Pha Ala Val Pro Thr Lys Ila Ila Pro Asn Trp Lau Sar Val Lau 

210 215 220 

GTG GAC AGT TTG CCT GGG ACC AAA GTG AAT GCA GAG AGT G7A GAG AGG 840 
Val Asp Sar Lau Pro Gly Thr Lys Val Asn Ala Glu Sar Val Glu Arg 
225 230 235 
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35 



ATA AAA COG AGA CAC AGC TCG CAA GAG CAA ACT TTC CAG CTA CTT AAG 9 33 

tie Lya Arg Arg Hia 3er See Gin Giu Gin Thr Phe Gin Lau Leu Lya 
240 245 250 255 

CTG TGG AAG CAT CAA AAC AGA GAC CAG GAA ATG GTG AAG AAG ATC ATC 93 S 

Leu Trp Lys His Gin Asn Arg Asp Gin Giu Met Vai Lys Lys lie lie 
2S0 2S5 270 



10 CAA GAC ATT GAC CTC TGT GAA AGC AGT GTG CAA CGG CAT ATC GGC CAC 
Gin Asp lie Asp Lau Cys Giu Ser Ser Vai Gin Arg His lie Giy His 
275 290 285 



984 



GCG AAC CTC ACC ACA GAG CAG CTC CGC ATC TTG ATG GAG AGC TTG CCT 1032 
15 Aia Asn Leu Thr Thr Giu Gin Lau Arg lie Lau Mac Giu Ser Leu Pro 
290 295 300 

GGG AAG AAG ATC AGC CCA GAC GAG ATT GAG AGA ACG AGA AAG ACC TGC 1080 
Giy Lys Lya lie Ser Pro Asp Giu lie Giu Arg Thr Arg Lys Thr Cys 
20 305 310 315 

AAA CCC AGC GAG CAG CTC CTG AAG CTA CTG AGC TTG TGG AGG ATC AAA 1128 

Lys Pro Ser Giu Gin Leu Leu Lys Lau Lau Ser Leu Trp Arg lie Lys 
320 325 330 335 

25 

AAT GGA GAC CAA GAC ACC TTG AAG GGC CTG ATG TAC GCA CTC AAG CAC 117 6 

Aan Giy Asp Gin Aap Thr Lau Lys Giy Lau Mac Tyr Aia Lau Lys His 
340 345 350 

30 TTG AAA GCA TAC CAC TTT CCC AAA ACC GTC ACC CAC AGT CTG AGG AAG 1224 
Lau Lys Aia Tyr His Pha Pro Lys Thr Vai Thr His Sar Lau Arg Lys 
355 360 363 



ACC ATC AGO TTC TTC CAC AGC TTC ACC ATG TAC CGA TTC TAT CAG AAA 1272 
Thr lia Arg Pha Lau His Sar ?ha Thr Mat Tyr Arg Lau Tyr Gin Lys 
370 375 380 



CTC TTT CTA GAA ATG ATA GGG AAT CAG GTT CAA TCA GTC AAG ATA AGC 1320 
Lau Pha Lau Giu Mat lie Giy Asn Gin Vai Gin Sar Vai Lys lie Sar 
40 385 390 393 

TGC TTA TAGTTAGGAA TGGTCACTGG GCTGTrrCTT CAGGATGGGC CAACACTGAT 137 6 

Cys Lau 

400 

45 

GGAGCAGATG GCTGCTTCTC CGGCTCTTCA AATGGCAGTT GATTCCTTTC TCATCAGTTG 143 6 
GTGGGAATGA AGATCCTCCA GCCCAACACA CACACTGGGG AGTCTCAGTC AGGAGAGTGA 14 96 
SO GGCAGGCTAT TTGATAATTG TGCAAAGCTG CCAGGTGTAC ACCTAGAAAG TCAAGCACCC 1556 
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TCAGAAAGAG GATATT7TTA TAACCTCAAA CATAGGCCCT TTCC7TCCTC TCCTTATGGA -51 

TGAGTACTCA GAAGGCTTC7 AC7ATCTTCT G7GTCATCCC TAGATGAAGG CCTCTTTrAT 1S7 

TTATTTTTTT ATTCTTTTTT TCGGAGC7GG GGACCGAACC CAGGGCCT7G CGC77GCGAG 173 

aCAAG7GCTC 7ACCACTGAG C7AAA7C7CC AACCCC7GAA GGCC7CTT7C 777C7GCC7C I79i 

TGA7AG7C7A TGACA77C77 TTTTCTACAA TTCG7ATCAG a7GCACGAGC C77A7CCCA7 13 5 « 

T7G7AGG77T C7AGGCAAG7 7GACCG77AG (rTATTTTTCC C7CTGAAGAr TTGATTCGAfi 191fi 

T7GCAGAC77 GGC7AGACAA GCAGGGGTAG G77A7GG7AG 77TATT7AAC AGACTGCCAC 197 6 

CAGGAG7CCA G7G7r?CTTG TTCC7C7G7A GTTG7ACCTA AGCTGACTCC AA67ACATTT 203 6 

AG7A7GAAAA ATAA7CAACA AAT777AT7C C7TC7ATCAA CATTGGC7AG C77TGTr7CA 2096 

GGGCAC7AAA AGAAACTAC7 ATATGGAGAA AGAATTGATA T7GCa:CCAA CSTTCAACAA 2 IS 6 

CCCAATAGTT 7ATCCA(SC7a TCATGCC7GG TTCAGTGTCT ACTGACTAIG CGCCCTCTTA 2216 

TTAC7GCATS CAG7AAT7CA AC7aGAAATA GTAATAATAA TAATAGAAAT AAAATCTAGA 227 6 

25 CTCCATTGGA 7C:C7CTGAA TA7GGGAATA TCTAACTTAA GAAGCTTTGA GA7TTCAGTr 233 S 

G7GrrAAAGG CTTTtATTAA AAAGCTGAIO C7CTTCTGTA AAAGTTACTA A7ATATCTGT 2396 

30 CAGTATTGCT ATTTATATCC ATCCAG 2432 



15 



35 



40 



(2) INTORMATIOM FOR S£Q ID NO: 12 I: 

(i) SEQUZNCZ CMAMCTSRZSTICS : 

(A> LORSTR: 401 amine «eid3 
<ai TYPE: amino acid 
(0» TOPOLOGY: linaar 

(ii) MOLXOnx TYPE: pratain 



SEQUENCE DESCRIPTION: SEQ ID NO:121; 



SO 



Mat Aan Lys Trp Lau Cys Cys Ala Leu Lau Vai Ph« Lau A^p lie Ila 
^ 5 10 15 

Glu Trp Thr Thr Gin Giu Thr Pha Pro Pro Lys Tyr Lau Hia Tyr Aap 
20 25 30 



wo 9T/-2J614 



PCT.Tj'SP^/tOeil 



10 



20 



25 



40 



50 



- 193 - 



Pro Glu Thr Gly Arg Gin Leu Leu Cy3 Aap Lya Cys AXa Pro Gly Thr 
35 40 45 

Tyr Leu Lys Gin His Cya Thr Val Arg Arg Lya Thr Leu Cya Vai Pro 
50 55 60 

Cys Pro A3P Tyr Ser Tyr Thr Asp Ser Trp His Thr Ser Asp Glu Cys 
65 70 75 80 

vai Tyr Cys Ser Pro Vai Cya Lys Glu Leu Gin Thr Val Lys Gin Glu 
35 90 95 

Cys Asn Arg Thr His Asn Arg Vai Cys Glu Cys Glu Glu Gly Arg Tyr 
100 105 110 

Leu Glu Leu' Glu Phe Cys Leu Lys His Arg Ser Cys Pro Pro Gly Leu 
IIS 120 125 

Gly Vai Leu Gin Ala Gly Thr Pro Glu Arg Asn Thr Vai Cys Lys Arg 
130 135 140 

Cys Pro Asp Gly Phe Phe Ser Gly Glu Thr Ser Ser Lys Ala Pro Cys 
145 ISO 15S 160 

Arg Lys His Thr Asn Cys Ser Ser Leu Gly Leu Leu Leu lie Gin Lys 

1S5 170 175 



Gly Asn Aie Thr His Asp Asn Vai Cys Ser Gly Asn Arg Glu Aia Thr 

30 ISO las 190 

Gin Asn Cys Gly lie Asp Vai Thr Leu Cys Giu Glu Ala Phe Phe Arg 
155 200 205 

35 Phe Ala Val Pro Thr Lys lie lie Pro Asn Trp Leu Ser Vai Leu Vai 

210 215 220 



Asp Ser Leu Pro Gly Thr Lys Vai Asn Ala Glu Ser Vai Glu Arg lie 
223 230 235 240 

Lys Arg Arg His Ser Ser Gin Glu Gin Thr Phe Gin Leu Leu Lys Leu 
245 250 255 



Trp Lys His Gin Asn Arg Asp Gin Glu Met Vai Lys Lys lie He Gin 

45 260 265 270 



Asp He Asp Leu Cys Giu Ser Ser Val Gin Arg His lie Gly His Aia 

275 230 235 

Asn Leu Thr Thr Glu Gin Leu Arg lie Leu Met Glu Ser Leu Pro Gly 

290 295 300 
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Lys Lys ZIb Ser Pro Aap Gia lie Giu Arg Tftr Acq Lys Thr ^ys ' vs 

310 315 ' 

5 Pro Sar Glu Gin L«u Lau Lya Leu Leu Sec Leu Trp Arg I-la Lys Asn 

325 330 33S 



10 



30 



40 



45 



Gly Asp Gin Asp Thr Lau Lys Gly Lau Mac Tyr Ala Leu Lys His Lau 
340 345 350 

Lys Ala Tyr His ?ha Pro Lys Thr val Thr His Sar Leu Arg Lys The 
335 360 365 



rie Arg Phe Lau His Sar Phe Thr Mac Tyr Arg Leu Tyr Gin Lys Lau 

^5 370 275 380 

Phe Leu Glu Mae lie Gly Asn Gin Val Gin Sar Val Lys He Ser Cys 

383 390 393 4OO 



20 Lau 



(2) INTOWIATlOtf FOR SSQ ID NO: 122: 

25 <i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 1324 basa pairs 

(B) TYPE: nucleic acid 

(C) STRANOEONSSS: single 
(S) TOPOX.OGY: linear 



(ii) MOLECULE TYPE: cONA 



(ix) FEATURX: 
33 (A) NAME/RSY; COS 

(3) LOCATION: 90.. 12 92 



<xi) SEQUENCE DESCRIPTION: SEQ ID NO: 122: 
CCTTATATAA ACGTCATtSAT TGCCTGGGCT GCAGAGACC3C ACCTAGCACT GACCCAGCGG 60 

CTGCCTCCTG AGGTTTCCCG AGGACCACA ATG AAC AAG TGG CTG TGC TGC GCA 113 

Mat Asn Lys Trp Lau Cys Cys Ala 



C.C CTG GTG CTC CTG GAC ATC ATT GAA TGG ACA ACC CAG GAA ACC CTT 161 
-au Leu Val Lau Lau Asp tla iia Glu Trp Thr Tht Gin Glu Thr Lau 

50 IQ 15 20 
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CCT CCA AAG TAG TTG CAT TAT GAG CCA GAA ACT GOT CAT CAG CTC CTG 20 9 

Pro Pro :.ys Tyr L«u His Tyr Asp Pro Giu Thr Gly His Gin Leu Leu 
25 30 35 40 

TOT GAC AAA TGT GCT CCT GGC ACC TAG CTA AAA CAG CAC TGC ACA GTG 257 
Cya Aap Lys Cys Ala Pro Gly Thr Tyr Leu Ly3 Gin His Cya Thr Vai 
43 50 55 

AGG AGG AAG ACA TTG TGT GTC CCT TGC CCT GAC CAC TCT TAT ACG GAC 30 5 

Arg Arq Lya Thr Leu Cys Vai Pro Cy3 Pro Aap Hia S«r Tyr Thr Asp 
SO 65 70 



AGC TGG CAC ACC AGT GAT GAG TGT GTG TAT TGC AGC CCA GTG TGC AAG 
Ser Trp His Thr Ser Asp Giu Cys Vai Tyr Cy3 Sor Pro vai Cys Lvs 
15 75 80 95 



353 



GAA CTG CAG TCC GTG AAG CAG GAG TGC AAC CGC ACC CAC AAG CGA GTG 401 
Giu Leu Gin Ser Vai Lya Gin Giu Cy3 Aan Arg Thr Hi3 Aan Arg Val 
50 95 100 

TGT GAG TGT GAG GAA GGG CGT TAG CTG GAG ATC GAA TTC TGG TTG AAG 449 
Cy3 Giu Cy3 Giu Giu Gly Arg Tyr Leu Giu lie Giu Phe Cys Leu Lya 
105 liO us T20 

25 CAG GGG AGC TGT CCC CGG GGC TCC GGC GTG GTG GAA GCT GGA ACC CCA 4 97 

His Arg Sec Cys Pro Pro Gly Ser Gly Vai Vai Gin Aia Giy Thr Pro 
123 130 133 

GAG CGA AAC ACA GTT TGC AAA AAA TGT CCA GAT GGG TTC TTC TCA GGT 545 
Giu Arg Asn Thr Val Cys Lys Lys Cys Pro Asp Giy Phe Phe Ser Giy 
140 145 ISO 

GAG ACT TCA TCG AAA GCA CCC TGT ATA AAA CAC ACG AAC TGC AGC ACA 593 
Giu Thr Ser Ser Lys Ala Pro Cys tie Lys His Thr Asn Cys Ser Thr 
35 155 160 165 

TTT GGC CTC CTG CTA ATT CAG AAA GGA AAT GCA ACA CAT GAC AAC GTG 641 
Phe Gly Leu Leu Leu lie Gin Lys Gly Asn Ala Thr His Asp Asn Vai 
170 175 180 

40 

TGT TCC GGA AAC AGA GAA GCC ACG CAA AAG TGT GGA ATA GAT GTC ACC 689 
Cys Ser Gly Asn Arg Giu Aia Thr Gin Lys Cys Gly lis Asp Val Thr 

190 195 200 

45 CTG TGT GAA GAG GCC TTC TTC AGG TTT GCT GTT CCT ACC AAG ATT ATA 737 
L«u Cys Giu Giu Ala Phe Phe Arg Phe Aia val Pro Thr Lys !!• lie 
205 210 215 

50 
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CCA AAT TGG CTG AGT GTT TTG GTG GAC AGT TTG CCT GGG ACC AAA GTG 7 33 

Pro A3n rrp Leu Sar vai Lau Vai Aap Sar Lau Pro Giy Tftr Lya Vai 
220 ZZ5 230 

AAT GCC GAG AGT GTA GAG AGG ATA AAA CGG AGA CAC AGC TCA CAA GAG 333 
Asn Ala Glu Sec Vai Glu Arg lie Lya Arg Arg Hia Sar Ser Gin Glu 
235 240 245 



CAA ACC TTC CAG CTG CTG AAG CTG TGG AAA CAT CAA AAC AGA GAC CAG 

Gin Thr Phe Gin Lau Lau Lya Lau Trp Lys His Gin Aan Arg Aap Gin 
250 255 260 

GAA ATG GTG AAG AAG ATC ATC CAA GAC ATT GAC CTC TGT GAA AGC AGC 

Giu Mat Vai Lya Lys Ila lie Gin Aap tie Asp Leu Cya Glu Sar Sar 

15 265 270 273 230 

GTG CAG CGG CAT CTC GGC CAC TCG AAC CTC ACC ACA GAG CAG CTT CTT 

Vai Gin Arg His Lau Giy His Sar Asn Leu Thr Thr Giu Gin Leu Lau 
235 290 295 



CTG ATG TAT GCC CTC AAG CAC TTG AAA ACA TCC CAC TTT CCC AAA ACT 
Leu Met Tyr AX* Leu Lys His Leu Lye Thr Ser Hie Phe Pro Lys Thr 

33 345 350 355 360 

GTC ACC CAC AGT CTG AGG AAG ACC ATG AGG TTC CTG CAC AGC TTC ACA 
val Thr Hie Ser Leu Arg Lys Thr Met Arg Phe Leu Hie Ser Phe Thr 
365 370 375 



331 



929 
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GCC TTG ATG GAG AGC CTG CCT GGG AAG AAG ATC AGC CCA GAA GAG ATT 1025 
Aia Leu Met Glu Ser Leu Pro Giy Lys Lys tie Ser Pro Giu Giu lie 
300 303 310 

GAG AGA ACG AGA AAG ACC TGC AAA TCG' AGC GAG CAG CTC CTG AAG CTA 1073 
Giu Arg Thr Arg Lys Thr Cys Lys Ser Ser Glu Gin Leu Leu Lys Leu 
315 320 325 

CTC AGT TTA TGG AGG ATC AAA AAT GGT GAC CAA GAC ACC TTG AAG GGC 1121 
Leu Ser Leu Trp Arg lie Lys Asn Giy Aep Gin Asp Thr Leu Lys Giy 
330 335 340 



1169 



1217 



ATG TAC AGA CTG TAT CAG AAG CTC TTT TTA GAA ATG ATA GGG AAT CAC 1265 
Met Tyr Arg- Leu Tyr Gin Lys Leu Phe Leu Glu Met lie Giy Asn Gin 

380 385 390 

GTT CAA TCC GTG AAA ATA AGC TGC TTA TAACTAGGAA TGGTCACTGG - 1312 

Val Gin Ser Val Lys He Ser Cys Leu 
395 400 

GCTGTTTCTT CA 132 4 
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(2) rMFCJ«ATION TOR SEQ ZD MO: 123: 

5 (i) SEQUENCS CHAAACTSaiSTICS : 

(A) LE^IGTH: 401 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

10 (ii) MOLECULE TYPE; protein 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 123: 

Met Aan Lys Trp Leu Cya Cys Aia Leu Leu Val Leu Leu Asp He lie 

15 1 5 10 15 

Giu Trp Thr Thr Gin Giu TJir Leu Pro Pro Lya Tyr Leu His Tyr Asp 
20 25 30 

20 Pro Giu Thr Giy His Gin Leu Leu Cys Asp Lys Cys Aia Pro Gly Thr 
35 40 45 



25 



40 



Tyr Leu Lys Gin His Cys Thr Val Arg Arg Lys Thr Lau Cys Vai Pro 

50 55 60 

Cys Pro Asp His Ser Tyr Thr Asp Ser Trp His Thr Ser Asp Giu Cys 

65 70 75 30 



Vai Tyr Cys Ser Pro Vai Cys Lys Giu Leu Gin Ser Vai Lys Gin Giu 
30 85 90 95 

Cys Asn Arg Thr His Asn Arg Val Cys Giu Cys Giu Giu Giy Arg Tyr 
100 105 110 

35 Leu Gltt lie Giu Phe Cys Leu Lys His Arg Ser Cys Pro Pro Gly Ser 
115 120 125 



Gly Val Val Gla Ala Gly Thr Pro Giu Arg Asn Thr Val Cys Lys Lys 

130 135 140 

Cys Pro Asp Gly Phe Phe Ser Gly Giu Thr Ser Ser Lys Ala Pro Cys 

1*5 150 155 160 



lie Lys His Thr Asn Cys Ser Thr Phe Gly Leu Leu Leu He Gin Lys 

45 163 170 175 

Gly Asn Ala Thr His Asp Asn Val Cys Ser Gly Asn Arg Giu Ala Thr 
190 135 190 

50 Gin Lys Cys Gly He Asp Vai Thr Leu Cys Giu Giu Ala Phe Phe Arg 

195 200 205 
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Phe Aia v.i p„ p„ 

213 220 

5 A.P ser Lau p„ Giy Thr Ly, Val A.n Ala Glu Ser Val Giu Arg Ue 

230 235 240 

Ly3 Arg Arg Hi:i s« S«r Gin Glu Gin Thr Phe Gin Leu Leu Ly, Lau 
10 253 

Trp Ly, Hi, Gin A3n Arg Aap Gin Glu Mac Val Ly, Lys lia He Gin 

2S5 270 



A3P lie Ksp Leu cy, Glu Sec Ser Val Gin Arg Hi, Leu Gly Hiz Ser 

230 235 

A3n Leu Thr Thr Glu Gin Leu Leu Ala Leu Mac Glu Ser Leu Pro Gly 



20 



300 

I.y3 Ly, lie ser Pro Glu Glu He Glu Arg Thr Arg Ly, Thr Cy, Ly, 

315 320 

ser Ser Glu Gin Lau Leu Ly, Lau Leu Sar Lau Trp Arg Ha Ly, A,n 

330 

Leu Mat Tyc Aia Lau Ly, 

3« 350 

30 in S« ^« Thr 

360 3gS 



25 335 

«ly A,p Gin A,p Thr Lau Ly, Gly Leu Mat Tyr Aia Lau Ly, Hi, tau 



Mat Arg Pha Lau Hi, Sa, Pha Thr Mat Tyr Arg Lau Tyr Gin Ly, Lau 



35 



40 



45 



SO 



Glu M.t ri. Gly A,n Gl„ v.l Gin Sar Val Ly, lia Sar Cy, 

39S 400 



Lau 



(2) IMTORMATION FOR SEQ ID NO: 12 4: 

<i) SEQUENCa CHARACTERISTICS: 

(A) LENGTH: 1355 ba,a pair, 
CB) TY?E: nuclaic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

Cii) MOLECULE TYPE: cONA 
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(ix) FEATURE: 

(A) NAME/KEY: CDS 

(B) LOCATION: 94.. 12 96 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 124: 

GTATATATAA CGTGATGAGC GTACGGGTGC GGAGACGCAC CGGAGCGCTC GCCCAGCCGC 

CGCTCCAAGC CCCTGAGGTT TCCGGGGACC ACA ATG AAC AAG T7G CTG TGC TGC 1 

Met Asn Lya Leu Leu Cys Cya 
1 5 

GCG CTC GTG TTT CTG GAC ATC TCC ATT AAG TGG ACC ACC CAG GAA ACG 1 
Ala Leu Val Phe Leu Asp He See He Lys Trp Thr Thr Gin Giu Thr 
10 15 20 

TTT CCT CCA AAG TAC CTt CAT TAT GAC GAA GAA ACC TCT CAT CAG CTG 2^ 
Phe Pro Pro Lys Tyr Leu His Tyr Asp Glu Glu Thr Ser His Gin Leu 
25 30 35 

TTG TGT GAC AAA TGT CCT CCT GGT ACC TAC CTA AAA CAA CAC TGT ACA 25 
Leu Cys Aap Lya Cys Pro Pro Gly Thr Tyr Leu Lya Gin His Cya Thr 
*° 45 50 55 

GCA AAG TGG AAG ACC GTG TGC GCC CCT TGC CCT GAC CAC TAC TAC ACA 30 
Ala Lya Trp Lya Thr Val Cya Ala Pro Cya Pro Aap Hia Tyr Tyr Thr 

. 65 70 

GAC AGC TGG CAC ACC AGT GAC GAG TGT CTA TAC TGC AGC CCC GTG TGC 35 
Aap Ser Trp Hia Thr Ser Aap Glu Cya Leu Tyr Cya Ser Pro Val Cya 
■^5 80 83 

AAG GAG CTG CAG TAC GTC AAG CAG GAG TGC AAT CGC ACC CAC AAC CGC 40 
Lya Glu Leu Glh Tyr Val Lya Gin Glu Cya Aan Arg Thr Hia Asn Arg 
90 95 100 

GTG TGC GAA TGC AAG GAA GGG CGC TAC CTT GAG ATA GAG TTC TGC TTG 45 
Val Cya Glu Cya Lya Glu Gly Arg Tyr Leu Glu lie Glu Phe Cya Leu 
103 110 lis 

AAA CAT AGG AGC TGC CCT CCT GGA TTT GGA GTG GTG CAA GCT GGA ACC 4 9i 

Lya Hia Arg Ser Cya Pro Pro Gly Phe Gly Val Val Gin Ala Gly Thr 
^20 123 130 135 

CCA GAG CGA AAT ACA GTT TGC AAA AGA TGT CCA GAT GGG TTC TTC TCA 54i 
Pro Glu Arg Aan Thr Val Cya Lya Arg Cys Pro Aap Gly Phe Phe Ser 
140 145 ISO 
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20 



30 



35 



40 
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AAT GAG ACG TCA TCT AAA GCA CCC TGT AGA AAA CAC ACA AAT TGC AG7 594 

Aan.Glu Thr Ser Ser Lys Ala Pro Cys Arg Lys His Thr Aan Cys Ser 
155 160 165 

GTC TTT GGT CTC CTG C?A ACT CAG AAA GGA AAT GCA ACA CAC GAC AAC 
Val Phe Gly Lau Leu Leu Thr Gin Lys Giy Aan Ala Thr His Asp Asn 
I'^O 17S 180 



lie Glu Lys Thr lie Lys Ala Cys Lys Pro Ser Asp Gin lie Leu Lys 

H3 315 



642 



690 



738 



ATA TGT TCC GGA AAC AGT GAA TCA ACT CAA AAA TGT GGA ATA GAT GTT 
He Cys Ser Gly Asn Ser Glu Ser Thr Gin Lys Cys Gly He Asp Val 
185 190 195 

15 ACC CTG TGT GAG GAG GCA TTC TTC AGG TTT GCT GTT CCT ACA AAG TTT 
Thr Leu Cys Glu Glu Ala Phe Phe Arg Phe Ala Val Pro Thr Lys Phe 
200 205 210 '215 

ACG CCT. AAC TGG CTT AGT GTC TTG GTA GAC AAT TTG CCT GGC ACC AAA 78 6 

Thr Pro Asn Trp Leu Ser Val Leu Val Asp Asn Leu Pro Gly Thr Lvs 
220 225 230 

GTA AAC GCA GAG AGT GTA GAG AGG ATA AAA CGG CAA CAC AGC TCA CAA 83 4 

Val Asn Ala Glu Ser Val Glu Arg He Lys Arg Gin His Ser Ser Gin 
23 235 240 245 

GAA CAG ACT TTC CAG CTG CTG AAG TTA TGG AAA CAT CAA AAC AAA GCC 
Glu Gin Thr Phe Gin Leu Leu Lys Leu Trp Lys His Gin Asn Lys Ala 
250 255 260 

CAA GAT ATA GTC AAG AAG ATC ATC CAA GAT ATT GAC CTC TGT GAA AAC 
Gin Asp He Val Lys Lys He He Gin Asp He Asp Leu Cys Glu Asn 
2 65 270 275 

AGO GTG, CAG CGG CAC ATT GGA CAT GCT AAC CTC ACC TTC GAG CAG CTT 
Ser val Gin Arg His He Gly His Ala Asn Leu Thr Phe Glu Gin Leu 
230 285 290 295 

CGT AGC TTG ATG GAA AGC TTA CCG GGA AAG AAA GTG GGA GCA GAA GAC 1026 
Arg Ser Leu Met Glu Ser Leu Pro Gly Lys Lys Val Gly Ala Glu Asp 
300 305 310 



882 



930 



978 



^Tl ^ ^5* AAA CCC AGT GAC CAG ATC CTG AAG 1074 

I-ys Pro Ser Asp Gin He 
320 325 



50 



CTG CTC AGT TTG TGG CGA ATA AAA AAT GGC GAC CAA GAC ACC TTG AAG 1122 
Leu Leu Ser Leu Trp Arg He Lys Asn Gly Asp Gin Asp Thr Leu Lys 
330 333 340 
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GGC CTA ATG CAC GCA CTA AAG CAC TCA AAG ACG TAG CAC TTT CCC AAA 1170 

Gly Leu Met Hia Ala Leu Lys Hia Ser Lys Thr Tyr Hia Phe Pro Lys 
345 350 355 

5 ACT GTC ACT CAG AGT CTA AAG AAG ACC ATC AGG TTC CTT CAC AGC TTC 1213 

Thr Val Thr Gin Ser Leu Lys Lys Thr lie Arg Phe Leu His Ser Phe 

360 365 370 375 



ACA ATG TAC AAA TTG TAT CAG AAG TTA TTT TTA GAA ATG ATA GGT AAC 12 66 

10 Thr Met Tyr Lys Leu Tyr Gin Lya Leu Phe Leu Glu Met lie Gly Asn 

380 385 390 

CAG GTC CAA TCA GTA AAA ATA AGC TGC TTA TAACTGGAAA TGGCCATTGA 1316 
Gin Vai Gin Ser Val Lys lie Ser Cys Leu 
15 395 400 

GCTGTTTCCT CACAATTGGC GAGATCCCAT GGATGATAA 1355 

20 (2) INFORMATION FOR SSQ ID NO: 125: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 401 amino acids 
(3) TY?S: amino acid 
25 (D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 

<xi) SEQUENCE DESCRIPTION: SEQ ID NO: 125: 



30 



45 



Met Asn Lys Leu Leu Cys Cys Aia Leu Val Phe Leu Asp lie Ser lie 
1 5 10 15 



Lys Trp Thr Thr Gin Glu Thr Phe Pro Pro Lys Tyr Leu His Tyr Asp 
35 20 25 30 

Glu Glu Thr Ser His Gin Leu Leu Cys Asp Lys Cys Pro Pro Gly Thr 
35 40 45 

40 Tyr Leu Lys Gin His Cys Thr Ala Lys Trp Lys Thr Val Cys Ala Pro 
50 55 60 



Cys Pro Asp His Tyr Tyr Thr Asp Ser Trp His Thr Ser Asp Glu Cys 

65 70 75 30 

Leu Tyr Cys Ser Pro Val Cys Lys Glu Leu Gin Tyr Val Lys Gin Glu 

85 90 95 



Cys Asn Arg Thr His Asn Arg Val Cys Glu Cys Lys Glu Gly Arg Tyr 

SO 100 105 110 
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Lau Glu lie Glu Phe Cya Leu Ly, Hia Arg Ser Cya Pro Pro Giy c 



Phe 



125 



Gly Val vai Gin Ala Giy thr Pro Glu Arg Aan Thr Val Cys Ly, Arg 

135 

Cy3 Pro A3P Gly Phe Phe Ser Asn Glu Thr Ser Ser Lys Ala Pro Cy, 

"° 155- ISO 

Arg Ly3 Hi, Thr A3n Cy, Ser Val Phe Gly Leu Leu Leu Thr Gin Ly, 
165 " 175 

Gly A,n Ala Thr Hi, Asp A,n He Cy, Ser Gly A,„ Ser Glu Ser Thr 

185 

Gin Ly, Cy, Gly He A,p Val Thr Leu Cy, Glu Glu Ala Phe Phe Arg 



205 



Phe Ala val Pro Thr Ly, Phe Thr Pro A,n Trp Leu Ser Val 



215 



Leu Val 



220 



A,p A,n Leu Pro Gly Thr Ly, Val A,n Ala Glu Ser Val Glu Arg He 

230 235 240 

Leu 



Lya Arg Gin Hi, Ser Ser Gin Glu Gin Thr Phe Gin Leu Leu Ly, 
245 250 



255 



Trp Ly, Hi, Gin A,n Ly, Ala Gin A,p He Val Ly, Ly, He He Gin 
^fto 265 



270 



A,p He A,p Leu Cy, Glu Asn Ser 
275 



Val Gin Arg Hi, He Gly Hi, Ala 
280 285 



A,„ Leu Thr Phe Glu Gin Leu Arg Ser Leu Met Glu Ser Leu Pro Gly 

295 

Ly, Ly, vai Gly Ala Glu A,p He Glu Ly, Thr He Ly, Ala Cy, Ly, 

310 32^3 



320 



Pro Ser A,p Gin He Leu Ly, Leu Leu Ser Leu Trp Arg He Ly, A,n 
325 330 

Gly A,p Gin Asp Thr Leu Ly, Gly Leu Met Hi, Ala 



335 



340 



345 



I^u Ly, Hi, Ser 



Ly, Thr Tyr Hi, Phe Pro Ly, Thr Val Thr Gin Ser Leu 



3SS 3go 
He Arg Phe Leu Hi, Ser Phe Thr 



365 



350 



Ly, Ly, Thr 



370 



375 



Met Tyr Ly, Leu Tyr Gin Ly, Leu 
330 
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?he Leu Glu Mec lie Gly Aan Gin Val Gin Ser Val Lya He Ser Cyz 

395 Jo 

Leu 



(2) INFOHMATION FOR SEQ ID NO: 126: 

(i> SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 13 9 amino acids 

(B) TYPE; amino acid 

<C) STRANDEDNESS: single 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: procain 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 125: 

Cys Pro Gin Gly Lya Tyr tie His Pro Gin Aan Asn Ser He Cys Cy, 



15 



Thr Lya Cya Hia Lys Gly Thr Tyr Leu Tyr Aan Asp Cya Pro Gly Pro 
20 2S 30 

Gly Gin Aap Thr Aap Cya Arg Glu Cys Glu Ser Gly Ser Phe Thr Ala 

45 



35 40 



Ser Glu Aan His Leu Arg His Cys Leu Ser Cys Ser Lys Cys Arg Lys 
^ 5S so 



Glu Met Gly am Val Glu He Ser Ser Cys Thr Val Asp Arg Asp Thr 

'° 75 80 

Val Cys Gly Cys Arg Lys Asn Gin Tyr Arg His Tyr Trp Ser Glu Asn 
83 90 95 

l^u Phe Gin Cys Phe Asn Cys Ser Leu Cys Leu Asn Gly Thr Val His 
"0 lOS 110 

Leu Ser Cys Gin Glu Lys Gin Asn Thr Val Cys Thr Cys His Ala Gly 
lis 120 125 

Phe Phe Leu Arg Glu Asn Glu Cys Val Ser Cys 
130 135 
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(2) INFORMATION FOR SZQ ID NO : 127 : 

(iJ SEQUENCS CHARACTERISTICS: 
(A> LENGTH: 48 base pairs 

(B) TYPE: nucleic acid 

(C) STKANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cONA 



fxi) SEQUENCE DESCRIPTION: SEQ ID NO: 127: 
CCGGCGGACA TTTATCACAC AGCAGCTGAT GAGAAGTTTC TTCATCCA 



(2) INFORMATION FOR SEQ ID NO: 123: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 219 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 128: 

Met L«u Gly He Trp Thr Leu Leu Pro Lou Val Leu Thr Ser Val Ala 

^ 5 10 15 

Arg Leu Ser Ser Lys Ser Val Asn Ala Gin Val Thr Asp He Asn Ser 

20 23 30 

Lys Gly Leu Glu Leu Arg Lys Thr Val Thr Thr Val Glu Thr Gin Asn 
35 40 45 

Leu Glu Gly Leu His His Asp Gly Gin Phe Cys His Lys Pro Cys Pro 
50 55 60 

Pro Gly Glu Arg Lys Ala Arg Asp Cys Thr Val Asn Gly Asp Glu Pro 

^5 70 75 80 
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Asp Cy3 Vai Pro Cy3 Gin Giu Giy Lys Giu Tyr Thr Aap Lys Ala His 

85 90 * 95 

Phe Ser Ser Lys Cya Arg Arg Cya Arg Leu Cys Asp Giu Gly His Giy 

5 100 105 110 

Leu Giu Vai Giu He Asn Cys Thr Arg Thr Gin Asn Thr Lys Cys Arg 

115 120 125 

10 Cys Lys Pro Asn Phe Phe Cys A3n Ser Thr Vai Cys Giu His Cys Asp 
130 135 140 



15 



35 



45 



Pro Cys Thr Lys Cys Giu His Giy lie lie Lys Giu Cys Thr Leu Thr 

145 150 155 160 

Ser Asn Thr Lys Cys Lys Giu Giu Giy Ser Arg Ser Asn Leu Giy Trp 

165 170 175 



Leu Cys Leu Leu Leu Leu Pro He Pro Leu He Vai Trp Vai Lys Arg 
20 ■ 180 185 190 

Lys Giu Vai Gin Lys Thr Cys Arg Lys His Arg Lys Giu Asn Gin Giy 
195 200 205 

25 Ser His. Giu Ser Pro Thr Leu Asn Pro Giu Thr 

210 215 

(2) INFORMATION FOR SEQ ID NO: 129: 

30 (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 280 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : single 
<D) TOPOLOGY: linear 



(ii) MOLECULE TYPE: protein 



40 

{xi) SEQUENCE DESCRIPTION: SEQ ID NO: 129: 

Met Gly Leu Ser Thr Vai Pro Asp Leu Leu Leu Pro Leu Vai Leu Leu 
1 5 10 15 

Giu Leu Leu Vai Gly He Tyr Pro Ser Gly Vai He Gly Leu Vai Pro 
20 25 30 

His Leu Gly Asp Arg Giu Lys Arg Asp Ser Vai Cys Pro Gin Gly Lys 
50 35 40 45 
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15 



25 



40 
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Tyr lie Hia Pro Gin Aan A3n Ser lie Cy3 Cys Thr Lv3 Cys Hi3 Ly3 
50 55 60 * 

Gly Thr Tyr Leu Tyr Asn A3p Cys Pro Giy Pro GXy Gin Asp Thr Asp 
S5 70 75 80 

Cya Arg Glu Cys Glu Ser Giy Ser Phe Thr Ala Ser Glu Asn His Leu 
as 90 95 

Arg His Cys Leu Ser Cys Ser Lys Cys Arg Lys Glu Met Giy Gin Val 

100 105 110 

Glu lie Ser Ser Cys Thr Val Asp Arg Asp Thr Val Cys Gly Cys Arg 
115 120 125 

Lys Asn Gin Tyr Arg His Tyr Trp Ser Glu Asn Leu Phe Gin Cys Phe 
130 135 140 



Asn Cys Ser Leu Cys Leu Asn Gly Thr Val His Leu Ser Cys Gin Glu 
20 145 150 ^ 155 ISO 



Lys Gin Asn Thr Val Cys Thr Cys His Ala Gly Phe Phe Leu Arg Glu 
165 170 175 



Asn Glu Cys Val Ser Cys Ser Asn Cys Lys Lys Ser Leu Glu Cys Thr 
180 185 190 



Lys Leu Cys Leu Pro Gin lie Glu Asn Val Lys Gly Thr Glu Asp Ser 
30 195 200 205 

Gly Thr Thr Val Leu Leu Pro Leu Val lie Phe Phe Gly Leu Cys Leu 

210 215 220 

35 Leu Ser Leu Leu Phe lie Gly Leu Met Tyr Arg Tyr Gin Arg Trp Lys 

225 230 235 240 



Ser Ly3 Leu Tyr Ser lie Val Cys Gly Lys Ser Thr Pro Glu Lys Glu 

245 250 255 

Gly Glu Leu Glu Gly Thr Thr Thr Lys Pro Leu Ala Pro Asn Pro Ser 
260 265 270 



Phe Ser Pro Thr Pro Gly Phe Thr 
45 275 280 



50 
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(2) XNFORMATIOM FOR SEQ ID NO: 130: 

(i) SEQUEKCE CHAKACTSRISTICS : 

(A) LENGTH: 207 amino acids 

(B) TTPE: amino acid 

(C) STRANDEDNESS: single 
<D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 130: 

Met leu Arg Leu lie Ala Leu Leu Val Cys Val Val Tyr Val Tyr Gly 
15 10 15 



Asp Asp VaT Pro Tyr Ser Ser Asn Gin Gly Lya Cya Gly Gly Hi3 Asp 
20 20 25 30 

Tyr Glu Lys Asp Gly Leu Cys Cys Ala Ser Cys His Pro Gly Phe Tyr 
35 40 45 

25 Ala Ser Arg Leu Cys Gly Pro Gly Ser Aan Thr Val Cys Ser Pro Cys 

50 55 60 

Glu Asp Gly Thr Phe Thr Ala Ser Thr Asn His Ala Pro Ala Cys Val 
65 70 75 80 



Ser Cys Arg Gly Pro Cys Thr Gly His Leu Ser Glu Ser Gin Pro Cys 
85 90 95 



Asp Arg Thr His Asp Arg Val Cys Asn Cys Ser Thr Gly Asn Tyr Cys 
35 100 105 110 

Leu Leu Lys Gly Gin Asn Gly Cys. Arg lie Cys Ala Pro Gin Thr Lys 
lis 120 125 

40 Cys Pro Ala Gly Tyr Gly Val Ser Gly His Thr Arg Ala Gly Asp Thr 

130 135 140 



Leu Cys Glu Lys Cys Pro Pro His Thr Tyr Ser Asp Ser Leu Ser Pro 
145 150 155 160 

Thr Glu Arg Cys Gly Thr Ser Phe Asn Tyr lie Ser Val Gly Phe Asn 
165 170 175 



50 



Leu Tyr Pro Val Asn Glu Thr Ser Cys Thr Thr Thr Ala Gly His Asn 
180 185 190 
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Glu Val lie Lys Thr Lys Glu Phe Thr Vai Thr Leu Asn Tyr Thr 
195 200 205 

(2) INFORMATION FOR SEQ ID NO: 131: 

5 

U) SEQUENCE CHARACTERISTICS: 

<A) LENGTH: 227 amino aci<l3 
(S) TYPE: amino acid 
(C) STRANDEDNESS : single 
10 (D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 



15 



30 



40 



(xi) SEQUENCE DESCRIPTION: SEQ ID N0:131: 



Met Ala Pro Val Ala Val Trp Ala Ala Leu Ala Val Gly Leu Glu Leu 

20 1 5 10 IS 

Trp Ala Ala Ala His Ala Leu Pro Ala Gin Val Ala ?he Thr Pro Tyr 
20 25 30 

25 Ala Pro Glu Pro Gly Ser Thr Cys Arg Leu Arg Glu Tyr Tyr Asp Gin 

35 40 45 



Thr Ala Gin Met Cys Cys Ser Lys Cys Ser Pro Gly Gin His Ala Lys 
50 55 60 

Val Phe Cys Thr Lys Thr Ser Asp Thr Val Cys Asp Ser Cys Glu Asp 
65 70 75 80 



35 Ser Thr Tyr Thr Gin Leu Trp Asn Trp Vai Pro Glu Cys Leu Ser Cys 

85 90 95 



Gly Ser Axg Cys Ser Ser Asp Gin Val Glu Thr Gin Ala Cys Thr Arg 
100 105 110 

Glu Gin Asn Arg He Cys Thr Cys Arg Pro Gly Trp Tyr Cys Ala Leu 
115 120 125 



Ser Lys Gin Glu Gly Cys Arg Leu Cys Ala Pro Leu Arg Lys Cys Arg 

45 130 135 140 

Pro Gly Phe Gly Val Ala Arg Pro Gly Thr Glu Thr Ser Asp Val Val 

145 ISO 155 160 



50 



Cys Lys Pro Cys Ala Pro Gly Thr Phe Ser Asn Thr Thr Ser Ser Thr 
165 170 175 
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Aap lie Cys Arg Pro His Gin lie Cys Aan Vai Vai Ala He Pro Giy 
180 185 190 

Aan Ala Ser Arg Aap Ala Vai Cys Thr Ser Thr Ser Pro Ttir Arg Ser 
195 200 205 

Met Ala Pro Gly Ala Val Hia Leu Pro Gin Pro Vai Ser Thr Arg Ser 
210 215 220 

Gin His Thr 
225 

(2) XNFOPKATION FOR SZQ ID NO: 132: 



(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 197 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : single 
20 (D) TOPOLOGY: linear 



(ii) MOLECULE TYPE: protein 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 132: 



Met Vai Ser Leu Pro Arg Leu Cys Ala Leu Trp Gly Cys Leu Leu Thr 
30 1 5 10 IS 

Ala Vai His Leu Gly Gin Cys Vai Thr Cys Ser Asp Lys Gin Tyr Leu 
20 25 30 

35 His Aap Giy Gin Cys Cys Asp Leu Cys Gin Pro Giy Ser Arg Leu Thr 

35 40 45 



Sec His Cys Thr Ala Leu Giu Lys Thr Gin Cys His Pro Cys Asp Ser 
50 55 60 

Giy Giu Phe Ser Aia Gin Trp Asn Arg Giu He Arg Cys His Gin His 
65 70 75 80 



Arg His Cys Giu Pro Asn Gin Gly Leu Arg Val Lys Lys Giu Gly Thr 
45 85 90 95 

Aia Giu Ser Asp Thr Vai Cys Thr Cys Lys Giu Gly Gin His Cys Thr 
100 105 110 

50 Ser Lys Asp Cys Giu Aia Cys Ala Gin His Thr Pro Cys He Pro Gly 

115 120 125 
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Phe Gly Vai Met Giu Met Ala Thr Giu Thr Thr Aap Thr Val Cys His 
130 135 140 

?co Cya Pro Vai Gly Phe Phe Set A5n Gin Ser Ser Leu Phe Giu Lys 
145 150 155 160 

Cy3 Tyr Pro Trp Thr Ser Cya Giu Asp Lys A3n Leu Giu Val Leu Gin 
165 170 175 

Lya .GXy Thr Ser Gin Thr Aan Val He Cys Gly Leu Lys Ser Arg Met 
180 185 190 



Arg Ala Leu Leu Val 
15 195 

(2) INFORHATIGN TOR SEQ ID NO: 133: 

(i) SEQUENCE CHARACTERISTICS: 
20 (A) LENGTH: 20 3 amino acids 

(3) TYPE: amino acid 

(C) STRANDEOMESS: single 

(D) TOPOLOGY: linear 

25 (ii) MOLECULE TYPE: protein 



30 (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 133: 

Met Asn Lys Trp Leu Cys Cys Ala Leu Leu Vai Phe Leu Asp He lie 
15 10 15 

35 Giu Trp Thr Thr Gin Giu Thr Phe Pro Pro Lys Tyr Leu His Tyr Asp 

20 25 30 



Pro Giu Thr Gly Arg Gin Leu Leu Cys Asp Lys Cys Ala Pro Gly Thr 
40 35 40 45 

Tyr Leu Lys Gin His Cys Thr Val Arg Arg Lys Thr Leu Cys Val Pro 
50 55 60 

45 Cys Pro Asp Tyr Ser Tyr Thr Asp Ser Trp His Thr Ser Asp Giu Cys 

65 70 75 90 



50 



Val Tyr Cys Ser Pro Vai Cys Lys Giu Leu Gin Thr Val Lys Gin Giu 
85 90 95 
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Cya Aan Arg Thr 
100 

Leu Glu Leu Glu 
5 115 

Gly Vai Leu Gin 
130 

10 Cy3 Pro A3p Gly 

145 

Arg Lya His Thr 

IS 

Gly A3n Ala Thr 
180 

Gin Aan Cya Gly 
20 195 



- 211 - 

Hi3 A3n Arg Val Cys Glu 
105 

Phe Cy3 Leu Lys His Arg 
120 

Ala Gly Thr Pro Glu Arg 
135 

Phe Phe Sar Gly Glu Thr 
150 

Aan Cys Ser Ser Leu Gly 
165 170 

His Asp Asn Val Cys Ser 
185 

He Asp Val Thr Leu Cys 
200 



Cys Glu Glu Gly Arg Tyr 
110 

Ser Cys Pro Pro Gly Leu 
125 

Asn Thr Val Cys Lys Arg 
140 

Ser Ser Lys Ala Pro Cys 
155 160 

Leu Leu Leu He Gin Lys 
175 

Gly Asn Arg Glu Ala Thr 
190 

Glu Glu Ala Phe Phe Arg 
205 



(2) INFORMATION FOR SSQ ID NO: 134: 

25 (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 22 4 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : single 
(0) TOPOLOGY: linear, 



30 



35 



40 



(ii) MOLECULE TYPE: protein 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 134: 



Met Gly Ala Gly Ala Thr Gly Arg Ala Met Asp Gly Pro Arg Leu Leu 

1 5 10 15 



Leu Leu Leu Leu Leu Gly Val Ser Leu Gly Gly Ala Lys Glu Ala Cys 
20 25 30 

45 Pro Thr Gly Leu Tyr Thr His Ser Gly Glu Cys Cys Lys Ala Cys Asn 

35 40 45 



Leu Gly Glu Gly Val Ala Gin Pro Cys Gly Ala Asn Gin Thr Val Cys 
50 55 60 
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Glu Pro Cys Leu Aap Ser Val Thr Phe Ser Aap Val Val Ser Ala Thr 

S5 70 75 . 30 

Glu Pro Cy3 Lya Pro Cy3 Thr Glu Cy3 Val Gly Leu Gin Ser Met Ser 
35 90 95 

Ala Pro Cya Val Glu Ala Aap Asp Ala Val Cy3 Arg Cy3 Ala Tyr Gly 
100 105 110 

Tyr Tyr Gin Aap Glu Thr Thr Gly Arg Cy3 Glu Ala Cys Arg Val Cys 
115 120 125 

Glu Ala Gly Ser Gly Leu Val Phe Ser Cys Gin A3p Lys Gin Asn Thr 
130 135 140 

Val Cys Glu Glu Cys Pro Asp Gly Thr Tyr Ser Asp Glu Ala Asn His 
145 150 155 160 

Val Asp Pro Cys Leu Pro Cys Thr Val Cys Glu Asp Thr Glu Arg Gin 
165 170 175 

Leu Arg Glu Cys Thr Arg Trp Ala Asp Ala Glu Cys Glu Glu lie Pro 
180 185 190 

Gly Arg Trp He Thr Arg Ser Thr Pro Pro Glu Gly Ser Asp Ser Thr 
195 . 200 205 

Ala Pro Ser Thr Gin Glu Pro Glu Ala Pro Pro Glu Gin Asp Leu He 
210 215 220 



(2) INFORMATION FOR SEQ ID NO: 135: 

(i) SEQXJENCE CHARACTERISTICS: 

(A) LENGTH: 205 amino acids 
(3) TYPE: amino acid 

(C) STRANDEDNE3S: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 135: 

Met Tyr Val Trp Val Gin Gin Pro Thr Ala Phe Leu Leu Leu Gly Leu 

1 5 10 .15 

Ser Leu Gly Val Thr Val Lys Leu Asn Cys Val Lys Asp Thr Tyr Pro 
20 25 30 
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Ser Gly Hi3 Ly3 Cy3 Cys Arg Giu Cys Gin Pro Gly HLs Giy Met Val 
35 40 45 

Ser Arg Cya Aap His Thr Arg Asp Thr Val Cya His Pro Cys Glu Pro 
50 55 60 

Gly Phe Tyr Aan Glu Ala Val Asn Tyr Asp Thr Cys Lys Gin Cys Thr 
65 70 75 80 

Gin Cys Asn His Arg Ser Gly Ser Glu Leu Lys Gin Asn Cys Thr Pro 
85 90 95 



Thr Glu Asp Thr Val Cys Gin Cys Arg Pro Gly Thr Gin Pro Arg Gin 
15 100 105 110 

Asp S^r Ser His Lys Leu Gly Val Asp Cys Vai Pro Cys Pro Pro Gly 

lis 120 125 

20 His Phe Ser Pro Gly Ser Asn Gin Ala Cys Lys Pro Trp Thr Asn Cys 

130 135 140 



Thr Leu Ser Gly Lys Gin lie Arg His Pro Ala Ser Asn Ser Leu Asp 

145 150 155 ISO 

Thr Vai Cys Glu Asp Arg Ser Leu Leu Ala Thr Leu Leu Trp Glu Thr 

165 170 175 



Gin Arg Thr Thr Phe Arg Pro Thr Thr Val Pro Ser Thr Thr Val Trp 
30 180 185 190 

Pro Arg Thr Ser Gin Leu Pro Ser Thr Pro Thr Leu Val 
195 200 205 

35 (2) INFORMATION FOR SEQ ID NO: 13 6: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 191 amino acids 
O) TYPE: amino acid 
4 0 (C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 



(ii) MOLECULE TYPE: protein 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO:136: • 

50 Met Gly Ash Asn Cys Tyr Asn Val Val Val lie Vai Leu Leu Leu val 

1 5 10 15 
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Gly Cys Glu Lya Vai Giy Ala Val Gin Aan Ser Cya Asp Asn Cys Gin 
20 25 30 

Pro Gly Thr Phe Cys Arg Lys Tyr Asn ?ro Vai Cya Lya Ser Cya Pro 
35 40 45 

Pro Ser Thr Phe Ser Ser lie Giy Giy Gin Pro Aan Cys Asn lie Cys 
SO S5 60 

Arg Vai Cys Ala Giy Tyr Phe Arg Phe Lys Lys Phe Cys Ser Ser Thr 

«S 70 '75 80 



His Asn Ala Glu Cys Glu Cys lie Giu Gly Phe His Cys Leu Gly Pro 
35 90 95 

Gin Cys Thr Arg Cys Giu Lys Asp Cys Arg Pro Giy Gin Giu Leu Thr 
100 105 110 

20 Lys Gin Giy Cys Lys Thr Cys Ser Leu Giy Thr Phe Asn Asp Gin Asn 

lis 120 125 

Gly Thr Gly Val Cys Arg Pro Trp Thr Asn Cys Ser Leu Asp Gly Arg 
130 135 140 

25 

Ser Val Leu Lys Thr Giy Thr Thr Glu Lys Asp Vai Vai Cys Giy Pro 
^45 150 155 160 

Pro Vai Val Ser Phe Ser Pro Ser Thr Thr lie Ser Vai Thr Pro Glu 
30 165 170 175 

Giy Gly Pro Gly Gly His Ser Leu Gin Val Leu Thr Leu Phe Leu 
laO 185 190 

35 (2) INFORMATION FOR SEQ ID NO: 137: 

<i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 54 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 



(ii) MOLECULE TYPE: cDNA 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 137: 
TATGGATGAA GAAACTTCTC ATCAGCTGCT GTGTGATAAA TGTCCGCCGG GTAC 5 4 
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(2) INFORMATION FOR SEQ ID NO: 138: 

(i) SEQUENCS CHARACTSHXSTICS : 
5 (A) LENGTH: 330 amino acids 

(3) TTPE: amino acid 

(C) STRANDEDNESS:. single 

(D) TOPOLOGY: linear 

iO (ii) MOLECULE TYPE: protein ' 



15 



30 



45 



<xi) SEQUENCE DESCRIPTION: SEQ ID NO: 138: 

Glu Thz Leu Pro Pro Lys Tyr Leu His Tyr Asp Pro Glu Thr Gly His 
1 5 10 15 



Gin Leu Leu Cys Asp Lys Cys Ala Pro Gly Thr Tyr Leu Lys Gin His 

20 20 25 30 

Cys Thr Vai Arg Arg Lys Thr Leu Cys Val Pro Cys Pro Asp His Ser 
35 40 45 

25 Tyr Thr Asp Ser Trp His Thr Ser Asp Glu Cys Val Tyr Cys Ser Pro 

50 55 60 



Val Cys Lys Glu Leu Gin Ser Val Lys Gin Glu Cys Asn Arg Thr His 
65 70 75 80 

Asn Arg Val Cys Glu Cys Glu Glu Gly Arg Tyr Leu Glu lie Glu Phe 
85 90 95 



Cys Leu Lys His Arg Ser Cys Pro Pro Gly Ser Gly Vai Val Gin Aia 

35 100 105 110 

Gly Thr Pro Glu Arg Asn Thr Val Cys Lys Lys Cys Pro Asp Gly Phe 
115 120 125 

40 Phe Ser Gly Glu Thr Ser Ser Lys Ala Pro Cys He Lys His Thr Asn 

130 135 140 



Cys Ser Thr Phe Gly Leu Leu Leu He Gin Lys Gly Asn Ala Thr His 

145 150 155 160 

Asp Asn Val Cys Ser Gly Asn Arg Glu Ala Thr Gin Lys Cys Gly He 

165 170 175 



50 



Asp Val Thr Leu Cys Glu Glu Ala Phe Phe Arg Phe Ala Val Pro Thr 
180 135 190 



wo 97/23614 PCT/i;S9«/20621 



10 



45 



- 216 - 



Lys lie ria Pro Aan Trp Leu Ser Val Leu Val Asp Ser Leu Pro Gly 
195 200 205 

Thr Lys Val Aan Ala Glu Ser Val Glu Arg He Lys Arg Arg His Ser 
210 215 220 

Ser Gin Glu Gin Thr Phe Gin Leu Leu Lys Leu Trp Lys His Gin Asn 
223 230 23S 240 

Arg Asp Gin Glu Met Val Lys Lys lie lie Gin Asp lie Asp Leu Cys 
245 250 255 



Glu Ser Ser Val Gin Arg His Leu Gly His Ser Asn Leu Thr Thr Glu 
260 265 270" 

Gin Leu Leu Ala Leu Met Glu Ser Leu Pro Gly Lys Lys He Ser Pro 
275 280 235 



2° Glu Xle Glu Arg Thr Arg Lys Thr Cys Lys Ser Ser Glu Gin Leu 

290 295 300 

Leu Lys Leu Leu Ser Leu Trp Arg He Lys Aan Gly Asp Gin Asp Thr 
22 305 310 315 320 

Leu Lys Gly Leu Met Tyr Ala Leu Lys His Leu Lys Thr Ser His Phe 
325 330 335 

^''o Thr Val Thr His Ser Leu Arg Lys Thr Met Arg Phe Leu His 

30 340 345 350 

Ser Phe Thr Mot Tyr Arg Leu Tyr Gin Lys Leu Phe Leu Glu Met He 
355 360 365 

35 Gly Asn Oln Val Gin Ser Val Lys He Ser Cys Leu 

370 375 380 

(2) INFORMATION FOR SEQ ID NO: 13 9: 

40 (i) SEQUENCE CHARACTERISTICS: 

<A) LENGTH : 380 amino acids 

(B) TY?E: amino acid 

(C) STRANDBDNESS : single 

(D) TOPOLOGY: linear 



(ii) MOLECULE TYPE: protein 



50 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 13 9: 

Glu Thr Phe Pro Pro Lys Tyr Leu Hi3 Tyr Asp Glu Glu Thr Ser His 
15 10 15 



Gin Leu Leu Cys Asp Lys Cys Pro Pro Gly Thr Tyr Leu Lys Gin His 
20 25 30 

Cys Thr Ala Lys Trp Lys Thr Val Cys Ala Pro Cys Pro Asp His Tyr 
35 40 45 

Tyr Thr Asp Ser Trp His Thr Ser Asp Glu Cys Leu Tyr Cys Ser Pro 
50 55 60 

Val Cys Lys Glu. Leu Gin Tyr Val Lys Gin Glu Cys Asn Arg Thr His 
65 70 75 80 

Asn Arg Val Cys Glu Cys Lys Glu Gly Arg Tyr Leu Glu lie Glu Phe 
85 90 95 

Cys Leu Lys His Arg Ser Cys Pro Pro Gly Phe Gly Val Val Gin Ala 
100 105 110 

Gly Thr Pro Glu Arg Asn Thr Val Cys Lys Arg Cys Pro Asp Gly Phe 
115 120 125 

Phe Ser Asn Glu Thr Ser Ser Lys Ala Pro Cys Arg Lys His Thr Asn 
130 135 140 



Cys Ser Val Phe Gly Leu Leu Leu 
145 150 

Asp Asn lie Cys Ser Gly Asn Ser 
165 

Asp val Thr Leu Cys Glu Glu Ala 

lao 

Lys Pha Thr Pro Asn Trp Leu Ser 
195 200 

Thr Lys Val Asn Ala Glu Ser Val 
210 215 



Thr Gin Lys Gly Asn Ala Thr His 
155 160 

Glu Ser Thr Gin Lys Cys Gly lie 
170 175 

Phe Phe Arg Phe Ala Val Pro Thr 
185 190 

Val Leu Val Asp Asn Leu Pro Gly 
205 

Glu Arg He Lys Arg Gin His Ser 
220 



Ser Gin Glu Gin Thr Phe Gin Leu Leu Lys Leu Trp Lys His Gin Asn 
225 230 235 240 

Lys Ala Gin Asp He Val Lys Lys He lie Gin Asp He Asp Leu Cys 
245 250 255 
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Giu Asn Ser Val Gin Arg His lie Giy His Ala Asn Leu Thr Phe Giu 
260 265 270 

Gin Leu Arg Ser Leu Met Giu Ser Leu Pro Gly Lys Lys Vai Gly Ala 
275 280 235 

Giu Asp lie Giu Lys Thr lie Lys Ala Cys Lys Pro Ser Asp Gin lie 
290 295 300 

Leu Lys Leu Leu Ser Leu Trp Arg lie Lys Asn Gly Asp Gin Asp Thr 
305 310 315 320 

Leu Lys Gly Leu Met His Ala Leu Lys His Ser Lys Thr Tyr His Phe 
325 330 335 

Pro Lys Thr Val Thr Gin Ser Leu Lys Lys Thr He Arg Phe Leu His 
340 345 350 



Ser Phe Thr Met Tyr Lys Leu Tyr Gin Lys Leu Phe Leu Giu Met He 
20 355 360 365 

Gly Asn Gin Val Gin Ser Val Lys lie Ser Cys Leu 
370 375 380 

25 (2) INFORMATION FOR SEQ ID NO: 140: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 30 base pairs 

(B) TYPE: nucleic acid 
30 (C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 



(ii> MOLECULE TYPE: cDNA 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 140 

40 TGGACCACCC AGAAGTACCT TCATTATGAC 

(2) INFORMATION FOR SEQ ID NO: 141: 

(i) SEQUENCE CHARACTERISTICS: 
45 (A) LENGTH: 30 base pairs 

CB) TYPE: nucleic acid 

(C) STPANDEDNESS: single 

(D) TOPOLOGY: linear 



30 



50 (ii) MOLECULE TYPE: cDNA 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 141: 
GTCATAATGA AGGTACTTCT GGGTGGTCCA 30 
10 (2) INFORMATION FOR SEQ ID NO: 142: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 31 base pairs 

(B) TYPE: nucleic acid 
15 (C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 

20 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 142: 

25 GGACCACCCA GCTTCATTAT GACGAAGAAA C 31 

(2) INFORMATION FOR SEQ ID NO: 143: 

(i) SEQUENCE CHARACTERISTICS: ^ 
30 <A) LENGTH: 31 base pairs 

(8) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

35 (ii) MOLECULE TYPE: cONA 



40 (xi) SEQUENCE DESCRIPTION: SEQ ID NO:143: 

GTTTCTTCGT CATAATGAAG CTGGGTGCjTC C 31 
(2) INFORMATION FOR SEQ ID NO: 144: 

45 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 2 9 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 
50 (D) TOPOLOGY: linear 
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(ii) M0L£CUL2 TYPE: CONA 

<xi) SEQUENCE DESCRIPTION: SEQ ID NO: 144: 
GTGGACCACC CAGGACGAAG AAACCTCTC 2 9 

(2) INFORMATION TOR SEQ ID NO: 145: 



Cil SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 29 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 
15 (D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: CDNA 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 145: 
GAGAGGTTTC TTCGTCCTGG GTGGTCCAC 29 
(2) INFORMATION FOR SEQ ID NO: 146: 



(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 29 base pairs 
30 O) TYPE: nucleic acid 

(C) STRANDEDNESS : single 
<D) TOPOLOGY: linear 



(ii) MOLECULE TYPE: cDNA 

, (xi) SEQUENCE DESCRIPTION: SEQ ID NO:146: 
CGTTTCCTCC AAAGTTCCTT CATTATGAC 29 
(2) INFORMATION FOR SEQ ID NO: 147: 

45 (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 29 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 



(ii) MOLECULE TYPE: cDNA 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 147: 

5 

GTCATAATGA AGGAACTTTG GAGGAAACG 2 9 

(2) INFORMATION FOR SEQ ID NO: 148: 

10 (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 32 base pairs 
O) TYPE: nucleic acid. 
■ (C) STRANDEDNESS : single 
(D) TOPOLOGY: linear 



15 



35 



(ii) MOLECULE TYPE: cDNA 



20 . 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 148: 

GGAAACGTTT CCTGCAAAGT ACCTTCATTA TG 32 

25 (2) INFORMATION FOR SEQ ID NO: 14 9: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 32 base pairs 

(B) TYPE: nucleic acid 
30 (C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 



(ii) MOLECULE TYPE: cDNA 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 149: 

40 CATAATGAAG GTACTTTGCA GGAAACGTTT CC 32 

<2) INFORMATION FOR SEQ ID NO: 150: 

(i) SEQUENCE CHARACTERISTICS: 
45 (A) LENGTH: 27 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear ' 

50 <ii) MOLECULE TYPE: cDNA 
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(xi) SSQUENCS DESCRIPTION: SEQ ID NO: 150: 
CACGCAAAAG TCGGGAATAG ATGTCAC 
(2) INFORMATION FOR SEQ ID NO: 151: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 27 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cONA 



<xi) SEQUENCE DESCRIPTION: SEQ ID NO: 151: 

GTGACATCTA TTCCCGACTT TTGCGTG 

(2) INFORMATION FOR SEQ ID NO: 152: 

(i> SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 25 base pairs 
<B) TYPE: nucleic acid 
<C) STRANDEDNESS: single 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO:152: 
CACCCTGTCG GAAGAGGCCT TCTTC 
(2) INFORMATION FOR SEQ ID NO: 153: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 25 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECrULE TYPE: cDNA 
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(xi> SEQUENCE DESCRIPTION: SEQ ID NO: 153: 
GAAGAAGGCC TCTTCCGACA GGGTG 25 
(2) INFORMATION FOR SEQ ID NO: 154: 



<i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 2 4 base pairs 
O) TY?E: nucleic acid 
(C) STRANDEDNESS : single 
15 (D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 154: 
TGACCTCTCG GAAAGCAGCG TGCA .24 
(2) INFORMATION FOR SEQ ID NO: 155: 



(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 24 base pairs 
30 <B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 



(ii) MOLECULE TYPE: cDNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 155: 
TGCACGCTGC TTTCCGAGAG GTCA 24 
<2) INFORMATION FOR SEQ ID NO: 15 €: 

45 (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 24 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 



(ii) MOLECtTLE TYPE: cDNA 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 156: 
CCTCGAAAXC GAGCGAGCAG CTCC 
(2) INFORMATION FOR SEQ ID NO: 157: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 25 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

<ii) MOLECULE TYPE: cDNA 



24 



20 



25 



30 



35 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 157; 

CGATTTCGAG GTCTTTCTCG TTCTC 

(2) INFORMATION FOR SEQ ID NO: 158: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 33 base pairs 
<B) TYPE: nucleic acid 
(C) STRANDEDNESS: single 
(O) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 



25 



40 



45 



50 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 153 j 
CCGTGAAAAT AAGCTCGTTA TAACTAGGAA TGG 
(2) INFORMATION FOR SEQ ID NO: 159: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 33 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 



33 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 159: 

5 CCATTCCTAG TTATAACGAG CTTATTTTCA CGG 33 

(2) INFORMATION FOR SEQ ID NO: 160: 

(i) SEQUENCE CHARACTERISTICS: 
10 (A) LENGTH: 33 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

15 . (ii) MOLECULE TYPE: CDNA 

20 (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 160: 

CCTCTGAGCT CAAGCTTCCG AGGACCACAA TGAACAAG 33 
(2) INFORMATION FOR SEQ ID N0:161: 

25 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 44 base pairs 
(B> TYPE: nucleic acid 
(C) STRANDEDNESS: Single 
30 (D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 



35 



40 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 161: 
CCTCTCTCGA GTCAGGTGAC ATCTATTCCA CACTTTTGCG TGGC 44 
(2) INFORMATION FOR SEQ ID NO: 162: 



(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 33 base pairs 
45 (B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 



(ii) MOLECULE TYPE: cDNA 
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<xi) SEQUENCS DESCRIPTION: SEQ ID NO:162: 
CCTCTGAGCT CAAGCTTCCG AGGACCACAA TGAACAAG 33 
(2) INFORMATION FOR SEQ ID NO: 163: 



(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 3 8 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 
15 <D) TOPOLOGY: linear 

(ii) MOLECULE TYPE:,cDNA 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 163: 
CCTCTCTCGA GTCAAGGAAC AGCAAACCTG AAGAAGGC 38 
(2> INFORMATION FOR SEQ ID NO: 164: 



(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 38 base pairs 
30 <B) TYPE; nucleic acid 

(C) STRANDEDNESS: single 
{D) TOPOLOGY: linear 



(ii) MOLECULE TYPE: cDNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 164: 
CCTCTGAGCT CAAGCTTCCG AGGACCACAA TGAACAAG 33 
(2) INFORMATION FOR SEQ ID NO: 165: 

45 (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 38 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 



(ii) MOLECULE TYPE: cONA 
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(xi) SEQUENCE DESCRIPTION: SSQ ID NO:I6S: 
CCTCTCTCGA GTCACTCTGT GGTGAGGTTC GAGTGGCC 
(2) INFORKATION FOR SEQ ID NO;166: 

(i) SEQUENCE CHARACTERISTICS:* 

(A) LENGTH: 38 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 



33 



20 



25 



30 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO:166: 

CCTCTGAGCT CAAGCTTCCG AGGACCACAA TGAACAAG 

(2) INFORMATION FOR SEQ ID NO: 167: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 3d base pairs 
O) TYPE; nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear" 

(ii) MOLECULE TYPE: cDNA 4' 
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(xi> SEQUENCE DESCRIPTION: SEQ ID NO: 167 
CCTCTCTCGA GTCAGGATGT TTTCAAGTGC TTGAGGGC 
<2) INFORMATION FOR SEQ ID NO: 168: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 16 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 



33 
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(xi) SEQUENCE DESCRIPtlCN: SEQ ID NO: 163: 

Met Lya His Hia Hia His Hia His Hia Ala Ser Val Aan Ala Leu Glu 
1 5 10 15 
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WHAT 13 CLAIMED IS: 

1. An isolated nucleic acid encoding a 

5 polypeptide comprising at least one of the biological 
activities of OPG wherein the nucleic acid is selected 
from the group consisting of: 

a) the nucleic acids shown in Figures 23- 
2C (SEQ ID NO:120), 9A-9B (SEQ ID NO:122), and 9C-9D 

10 (SEQ ID NO: 124) or complementary strands thereof; 

b) nucleic acids which hybridize under 
stringent conditions with the polypeptide-encoding 
regions as shown in Figures 2B-2C (SEQ ID NO: 120), 9A-9B 
(SEQ ID N0:122) and 9C-9D (SEQ ID NO:124); 

15 c) nucleic acids which hybridize under 

stringent conditions with nucleotides 148 through 337 
inclusive as shown in Figure lA; and 

d) nucleic acid which are degenerate to 
the nucleic acids of (a) , (b) and (c) . 

20 

2. The nucleic acid of Claim i which is cDNA^ 
genomic DNA, synthetic DNA or RNA. 

3. A polypeptide encoded by the nucleic acid 
25 of Claim 1. 

4. The nucleic acid of Claim 1 including one 
or more codons preferred for Escherichia mII 

expression. 

30 

5. The nucleic acid of Claim 1 having a 
detectable label attached thereto. 
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S. The nucleic acid of Claim 1 comprising the 
polypeptide-encoding region of Figure 23-2C {SEQ ID 
NO: 120), Figure 9A-9B (SEQ ID NO: 122) or Figure 9C-9D 
(SEQ ID NO:124) , 

5 

7. The nucleic acid of Claim 6 having the 
sequence as shown in Figure 9C-D (SEQ ID NO: 124) from 
nucleotides 158-1297, 

^0 8 • An expression vecror comprising the 

nucleic acid of Claim 1. 

9» The expression vector of Claim 8 wherein 
the nucleic acid comprises the polypeptide - encoding 
15 region as shown in Figure 9C-9D (SEQ ID N0^124) . 

10. A hose cell transformed or transfected 
with t:he expression vector of Claim 8. 

20 11. The host cell of Claim 10 which is a 

eucaryotic cell. 

12- The host cell of Claim 11 wfccich is 
selected from the group consisting of CHO, COS, 293, 
25 3T3r CV-1 and BHK cells, 

13^- The host cell of Claim^ 10 which is a 



procaryotic cell. 




14. The host cell of Claim li which is 

15. A transgenic mammal comprising the 
expression vector of Claim 8. 
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16. The transgenic mammal of Claim 15 which" 
is a rodent, 

5 17. The transgenic mammal of Claim 16 which 

is a mouse. 

18. A process for the production of OPG 
comprising: 

10 growing under suitable nutrient 

conditions host cells transformed or transfected with 
the nucleic acid of Claim 1; and 

isolating the polypeptide products of the. 
expression of the nucleic acids • 

15 

19. A purifed and isolated polypeptide 
comprising OPG. 

20. The polypeptide of Claim 19 which is 
20 mammalian OPG. 

21. The polypeptide of Claim 20 which is human 

OPG. 

25 22. The polypeptide of Claim 19 which is 

substantially free of other human proteins. 

23. The polypeptide of Claim 21 having the 
amino acid sequence as shown in Figure 2B*2C (SEQ ID 
30 NO: 121), Figure 9A-9B (SEQ ID NO: 123), or Figure 9C-9D 
(SEQ ID NO: 125) or a derivative thereof. 
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24. The poiypeptiide of Claim 23 having che 
amino acid sequence as shown in Figure 9C-9D (SEQ ID 
NO: 125) from residues 22-401 inclusive. 

5 25. The polypeptide of Claim 23 having the 

amino acid sequence as shown in Figure 9C-9D (SEQ ID 
N0il2S) from residues 32-401 inclusive. 

26. The polypeptide of Claim 19 which is 
10 characterized by being a produce of expression of an 
exogenous DNA sequence. 

27., The polypeptide of Claim 2 6 wherein the 
DNA is cDNA, genomic DNA or synthetic DNA. 

15 

28. The polypeptide of Claim 19 which has 
been modified with a water-soluble polymer- 

29. The polypeptide of Claim 28 wherein the 
20 water soluble polymer is polyethylene glycol. 

30- A polypeptide comprising: 

an amino acid sequence of at least about 164 

amino acids comprising four cysteine-rich domains 
25 characteristic of the cysteine rich domains of tumor 

necrosis factor receptor extracellular regions; and 
an activity of increasing bone density. 

31. A polypeptide comprising the amino acid 
30 sequence as shown in Figure 2S-2C (SEQ ID NO: 121), 

Figure 9A-9B (SEQ ID NO: 123) or Figure 9C-9D (SEQ ID 
NO: 125) having an amino terminus at residue 22, and 
wherein from 1 to 216 amino acids are deleted from the 
carboxy terminus. 
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32. The polypeptide of , Claim 31 comprising 
the amino acid sequence from residues 22-185, 22-139, 
22-194, or 22-201 inclusive. 

5 

33. The polypeptide of Claim 32 further 
comprising an Fc region of human IgGl extending from the 
carboxy terminus. 

10 34. A polypeptide comprising the amino acid 

sequence as shown in Figure 2B-2C (SEQ ID M0:121), 
Figure 9A-9B (SEQ ID NO: 123) or Figure 9C-9D (SEQ ID 
NO: 125) having an amino terminus at residue 22, wherein 
from 1 to 10 amino acids are deleted from the amino 

15 terminus and, optionally, from 1 to 216 amino acids are 
deleted from the carboxy terminus. 

35. The polypeptide of Claim 34 comprising 
the amino acid sequence from residues 27-185, 27-189, 

20 27-194, 27-401, or 32-401 inclusive, 

36. The polypeptide of Claim 35 further 
comprising an Fc region of human IgGl extending from the 
carboxy terminus. 

25 

37. A polypeptide selected from the group 
consisting of: 

huOPG [22-2011 -Fc 
huOPG [22-401] -FC 
30 huOPG [22-180] -Fc 

huOPG met ( 22-401 1-Fc 
huOPG Fc-met [22-401] 
huOPG met [22-185] 
huOPG met [22-189] 
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huOPG 


met 


[22-194] 




huOPG 


met 


[27-135] 




huOPG 


met 


[27-189] 




huOPG 


met 


[27-194] 


5 


huOPG 


met 


[32-4011 




huOPG 


met' 


-lys (22-401] 




huOPG 


met 


(22-4011 




huOPG 


met 


[22-401J-FC (P25A) 




huOPG 


met 


[22-401] (P2SA) 


X u 




mot" 


r22-4ail (^26A) 






met 






huOPG 


met 


[22-194] (e25A) 




huOPG 


met 


[22-1941 (P26A) 




huOPG 


met 


met-(lys)3 [22-401] 


15 


huOPG 


met 


mec-arg-giy-ser- (his) 6 [22-401] 



38, A nucleic acid encoding the polypeptide 
■ of Claim 37. 

20 39. An antibody or fragment thereof which 

specifically binds to OPG, 

40. The antibody of Claim 39 which is a 
monoclonal antibody • 

41. A method for detecting the presence of 
OPG in a biological sample comprising: 

incubating the sample with the antibody of 
Claim 39 under conditions that allow binding of the 
antibody to OPG; and 

detecting the bound antibody. 



25 



30 
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42. A method to assess the ability of a 
candidate substance to bind to OPG comprising: 

incubating OPG with the candidate substance 
5 under conditions that allow binding; and 
measuring the bound substance. 

43. A method of regulating the levels of OPG 
in an animal comprising modifying the animal with a 

10 nucleic acid encoding OPG. 

44. The method of Claim 43 wherein the 
nucleic acid promotes an increase , in the tissue level of 
OPG. 

15 

45. The method of Claim 44 wherein the animal 
is a human. 

46. A pharmaceutical composition comprising a 
20 therapeutically effective amount of OPG in a 

pharmaceutically acceptable carrier, adjuvauit/ 
solubilizer, stabilizer and/or anti-oxidant . 

47. The composition of Claim 4 6 wherein the 
25 OPG is human OPG. 

48. The composition of Claim 47 wherein the 
OPG has the amino acid sequence as shown in Figure 9B. 

30 49. A method of treating a bone disorder 

comprising administering a therapeutically effective 
amount of the polypeptide of Claim 19. 
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50. The method of Claim 4 9 wherein the 
polypeptide is human OPG. 

51. The method of Claim 4 9 wherein the bone 
5 disorder is excessive bone loss. 

52. The method of Claim 51 wherein the bone 
disorder is selected from the group consisting of 
osteoporosis, Paget 's disease of bone, hypercalcemia, 

10 hyperparathyroidism, steroid-induced osteopenia, bone 
loss due to rheumatoid arthritis, bone loss due to 
osteomyelitis, osteolytic metastasis, and periodontal 
bone loss. 

53. The method of Claim 49 further comprising 
administering a therapeutically effective amount of a 
substances selected from the group consisting of bone 
morphogenic proteins BMP-1 through BMP-12, TGF-p family 
members, IL-1 inhibitors, TNFa inhibitors, parathyroid 

20 hormone and analogs thereof, parathyroid hormone related 
protein and analogs thereof, E series prostaglandins, 
bisphosphonates, and bone-enhancing minerals. 

54. An osteoprotegerin multimer consisting of 
25 osteoprotegerin monomers. 

55. The multimer of Claim 54 which is a 

dimer. 

3° 56. The multimer of Claim 54 formed by 

interchain disulfide bonds. 



57. The multimer of Claim 54 formed by 
association Fc regions derived from himan IgGl . 
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58 • The multimer of Claim 54 which is 
essentially free of osteoprotegerin monomers and 
inactive multimers. 

59, The multimer of Claim 54 wherein the 
monomers comprise the amino acid sequence as shown in 
Figure 9C-9D (SEQ ID NO: 125) from residues 22-401, or a 
derivative thereof. 

60. The multimer of Claim 54 wherein the 
monomers comprise the amino acid sequence as shown in 
Figure 9C-9D (SEQ ID NO: 125) from residues 22-194, 
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FIG.2A 

AUG TAG 

' " f1g.2B 

10 30 50 

ATCAAAGGCAGGGCATACTTCCTGTTGCCCAGACCTTATATAAAACGTCATGTTCGCCTG 

70 90 110 

GGCAGCAGAGAAGCACCTAGCACTGGCCCAGCGGCTGCCGCCTGAGGTTTCCAGAGGACC 

130 ISO 170 
ACAATGAACAAGTGGCTGTGCTGTGCACTCCTGGTGTTCTTGGACATCATTGAATGGACA 
M U K M L C C fik L L V FLDT TRWT 

190 210 230 

ACCCAGGAAACCTTTCCTCCAAAATACTTGCATTATGACCCAGAAACCGGACGTCAGCTC 
TO E TFPPKVLHYDPETGRQL 

250 270 290 

TTGTGTGACAAATGTGCTCCTGGCACCTACCTAAAACAGCACTGCACAGTCAGGAGGAAG 
LCDKCAPGTYLKQHCTVRRK 

310 330 350 

ACACTGTGTGTCCCTTGCCCTGACTACTCTTATACAGACAGCTGGCACACGAGTGATGAA 
TLCVPCPDYSYTDSWHTSDE 

370 390 410 

TGCGTGTACTGCAGCCCCGTGTGCAAGGAACTGCAGACCGTGAAACAGGAGTGCAACCGC 
CVYCSPVCKELQTVKQECMR 

430 450 470 

ACCCACAACCGAGTGTGCGAATGTGAGGAAGGGCGCTACCTGGAGCTCGAATTCTGCTTG 
THNRVCECEEGRYLELEFCL 

490 510 530 

AAGCACCGGAGCTGTCCCCCAGGCTTGGGTGTGCTGCAGGCTGGGACCCCAGAGCGAAAC 
KHRSCPPGLGVLQAGTPERN 

550 570 590 

ACGGTTTGCAAAAGATGTCCGGATGGGTTCTTCTCAGGTGAGACGTCATCGAAAGCACCC 
TVCKRCPDGFFSGET SSKAP 

610 630 650 

TGTAGGAAACACACCAACTGCAGCTCACTTGGCCTCCTGCTAATTCAGAAAGGAAATGCA 
CRKHTHCSSLGLLLIQKGli A 

670 690 710 

ACACATGAGAATGTATGTTCCGGAAAGAGAGAAGCAACrCAAAATTGTGGAATAGATGTC 
THDNVCSG NREATQNCGI DV 

730 750 770 

ACCCTGTGCGAAGAGGCATTCTTCAGGTnXiCTGTGCCTACCAAGATTATACCGAATTGG 
TLCEEAFFRFAVPTKI IPNW 

790 810 830 

CTGAGTGTTCTGGTGGACAGTTTGCCTGGGACCAAAGTGAATGCAGAGAGTGTAGAGAGG 
LSVLVDSLPGTKVNAESVER 

850 870 890 

ATAAAACGGAGACACAGCTCGCAAGAGCAAACTTTCCAGCTACTTAAGCTGTGGAAGCAT 
IKRRHSSQEQTFQLLKLWKH 

910 930 950 

CAAAACAGAGACCAGGAAATGGTGAAGAAGATCATCCAAGACATTGACCTCTGTGAAAGC 
QNRDQEMVKKIIQDIDLCES 

970 990 1010 

AGTGTGCAACGGCATATCGGCCACGCGAACCTCACCACAGAGCAGCTCCGCATCTTGATG 
SVQRH IGHAMLT TEQLRI LM 
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FIG.2C 



GAGAGCTTGC 

E. S 



i^^O- 1050 1070 



TTGCCTGGGAAGAAGATCAGCCCAGACGAGATTGAGAGAACGAGAA^^ 

AAACCCAGCGAGCAGCTCCTGAAGCTAp 

.1150 ^ ^ I' K L ^L^^S L W R X k^^N^ . . . 



R I K N G D Q 

GACACCTOAAGGGCCTGATGTACGCAC^ 

ACCGTCACCCACAGTCTGAGGAAGACCATCAGGTTCTTG 

i270 ^ ^ ^ ^ ^l^^^ F L M S F T M V R 
TTGTATCAGAAACT^^^^ 

TGCTTA^AGTTAGGAATGGTCACTGGGCTCTTTCTTCAGGATGGGCC^^^ 

1^50 1410 -LA-ih 

CAGATGGCTCCTTCTCCGGCTCTrGAAATCGCAGTTGATTCCTTTCTCATCA^ 

GAATGAAGATCCTCCAGCCCAACACACAcL^^ 

GGCTATTOATAATTGTGCAAAGCTGCCAG^^^^ 

AAAGAGGATATTTTTATAACCTCAAACATA^ 

1550 1 A7n 

TACTCAGAAGGCTTCTACTATCTTCTGTGTCATCCCTAGATGAAG^^ 

TTTTTTATTCTTTTTTTCGGAGCTGG^^^ 

1770 i7Qn 

GTGCTCTACCACTGAGCTAAATCTCCAACCCCTGAAGGCCTCTTTC^TTC 

1830 ifl^n 

AGTCTATCACATTCTTTTTTCTACAATTCGTATC 
AGGTTTCTAGGCAAGTTGACCGTTAGCTATTTTTC 

AGACTTGGCTAGACAAGCAGGGGTAGGTT^TGGTAGTTTATTTAAciG^^ 

2010 '5 n n 

agtccagtgtttctksttcctctgtagttctacctaagctgactccIag^ 

TGAAAAATAATCAACAAATTTTATTCCT^^^^ 

actaaaagaaactactatatggagaaagaJttgatattgcccccaa?g^caacaaccca 
atagtttai^cagctgtcatgcctggtt^agtgtctactgactatg?gc2ctc^ 
tgcatgcagtaattcaactggaaatagtaataataataatagaaat^ 
attggatctctctgaatatgggaatatctL^ 

taaaggctoattaaaaagctgatgctctotgta^ 
attacagtattgctatttatatccatccag 
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10 30 50 

CCTTATATAARACGTCATGATTGCCTGGGCTGCAGAGACGCACCTAGCACTGACCCAGCG 
70 90 110 

GCTGCCTCCTGAGGTTTCCCGAGGACCACAATGAACAAGTGGCTGTGCTGCGCACTCCTG 

• M N K w r, r r ^ r. r, 

130 150 170 

GTGCTCCTGGACATCAITGAATGGACAACCCAGGAAACCCTTCCTCCAAAGTACTTGCAT 
^ 1- C- C 1 1 E Si TOR T L. P P K Y L » 

190 210 230 

TATGACCCAGAAACTGGTCATCAGCTCCTGTGTCACAAATG'rcCTCCTGGCACCTACCTA 
YDPE TGHQLL CDKCA PGTY L 

250 270 290 

AAACAGCACTGCACAGTGAGGAGGAAGACATTGTGTGTCCCTTGCCCTGACCACTCTTAT 
KQHC TVR RKTLCV P CP DH S Y 

310 330 350 

ACGGACAGCTGGCACACCAGTGATGAGTGTGTGTATTGCAGCCCAGTGTGCAAGGAACTG 
TDSWHT SDECVY CS PVCKEL 

370 390 410 

CAGTCCGTGAAGCAGGAGTGCAACCGCACCCACAACCGAGTGTGTGAGTGTGAGGAAGGG 
QSVKQECURTHNRVCECEEG 

430 450 470 

CGTTACCTGGAGATCGAATTCTGCTTGAAGCACCGGAGCTGTCCCCCGGGCTCCGGCGTG 
RYLEIEFCLKHRSCPPGSGV 
490 510 530 

GTGCAAGCTGGAACCCCAGAGCGAAACACAGTTTGCAAAAAATGTCCAGATCGGTTCTTC 
V Q A G T PER N T V CVK K C P D G F F 
550 570 590 

TCAGGTGAGACTOATCGAAAGCACCCTGTATAAAACACACGAACTGCAGCACATTTGGC 
S G E T S S K A P C I K H T H C S T F G 

610 630 650 

CTCCTGCTAATTCAGAAAGGAAATGCAACACATGACAACGTGTGTTCCGGAAACAGAGAA 
LLLIQK GHA THDNVCS GNRE 

670 690 710 

GCCACGCAAAAGTGTGGAATAGATGTCACCCTIXrrGTGAAGAGGCCTTCTTCAGGTTTGCT 
ATQKCG IDVTLCB EAFFRFA 
730 750 770 

GTTCCTACCAAGATTATACCAAATTGGCTGAGTGTTTTGGTGGACAGTTTGCCTGGGACC 
VPTKI IPN WLSVLVDS LPGT 
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FIG.9B 



790 810 830 

AAAGTGAATGCCGAGAGTGTAGAGAGGATAAAACGGAGACACAGCTCACAAGAGCAAACC 
KVNAESVERIKRRHSSQEQT 

850 870 890 

TTCCAGCTGCTGAAGCTGTGGAAACATCAAAACAGAGACCAGGAAATGGTGAAGAAGATC 
FQLLKLWKHQNRDQE M VKK I 
910 930 950 

ATCCAAGACATTGACCTCTGTGAAAGCAGCGTGCAGCGGCATCTCGGCCACTCGAACCTC 
IQDI DLCESSVQRHLGHSML 
970 990 1010 

ACCACAGAGCAGCTTCTTGCCTTGATGGAGAGCCTGCCTGGGAAGAAGATCAGCCCAGAA 
TTEQLLAL MESLPGKKISPE 
1030 1050 1070 

GAGATTGAGAGAACGAGAAAGACCTGCAAATCGAGCGAGCAGCTCCTGAAGCTACTCAGT 
EIERTRKTCKSSEQLLKLLS 
1090 1110 1130 

'rTATGGAGGATCAAAAATGGTGACCAAGACACCTTGAAGGGCCTGATGTATGCCCTCAAG 
f'W R I KNGDQDTLKG LMYA LK 

1150 1170 1190 

CACTTGAAAACATCCCACTTTCCCAAAACTGTCACCCACAGTCTGAGGAAGACCATGAGG 
HLKTSHPPKTVT HSLRKTMR 

1210 1230 1250 

TTCCTGCACAGCTTCACAATGTACAGACTGTATCAGAAGCTCTTTTTAGAAATGATAGGG 
F L HS FTH Y R LYQK LFLEM I G 
1270 1290 1310 

AATCAGGTTCAATCCGTGAAAATAAGCTGCTTATAACTAGGAATGGTCACTGGGCTGTTT 
N Q V Q S V K - I S C L ^ 

CTTCA 



wo 97/23614 



PCT/US 96/20621 



20/46 



FIG.9C 

10 30 =n 

GTATATATAACGTGATGAGCGTACGGGTGCGGAGACGCACCGGAGCGCTCGCCCAGCCGC 

cgyctccaagcccctgaggtttccggggI?cacaatgaacaagttgctctcctgcgcgct 

130 ^ ^ ^ U r , r r , ^ 

CGTGTlTCTGGACATCTrrA'rTAAr2'rrrr?A/-/-Ai-^^*^^, . 



GTG-nTC TGGACATCTCCATTAAGTC^ 

210 
GCT< 

270 290 



r n T S r K W T T n. T F P p K Y L 

230 

:aaatgtcctcc 

250~ - - - " Q I- C D K C P P G T Y 



210 ?->n 

tcattatgacgaagaaacctctcatcagct^ 



cctaaaacaacactgtacagcaaagtcgaaga^ 
ctacacagacagctggcacaccagtgacg^^ 

?70 " " S D ^E^ C L Y C S P V C K E 

gctgcagtacgtcaagcaggagtgcaatcgca^^ 

^qschrthnrvce- 

430 

agggcgctaccttgagatagagttctcct^ 

3CTGGAACCCCAGAGCG- ^"^^ 
^ G T P E R 
550 570 



^VKQECHRTHNRVCEC K E 
0 450 . — V. i\ c 

n r, CCTTGAGATAGAGTTCTGCTTGAAACATAC 

G R Y^^L E I E P C ^L^ K H R S C P P C F O 

AGTGGTGCAAGCTGGAACCCCAGAGCGAAATACAGTT^^ 

?50 ° ^ ^ ^ « T V C K R C P D G F . 

CTOTCAAATGAGACGTCATCTAAAGCACCCTGTAGAAAACAC^^ 

fiin '^^^^ ''^"TMCSVF 



v.«v^a^.«^it.atctaaagcaccctgtagaaaacacaca;< 

E TSSKAPC RKHTH 

630 

_ _ ^ , ^ ^ iTGCAACAC 

G L L^^L TQKGM ATHDNICSGN S 



TGGTCTCCTGCTAACTCAGAAAGGAAATGCAACACAC^^ 

690 



TGAATCAACTCAAAAATCTGGAATAGATGTTACCCTGTGTGAGGAGG(^ 

^ T L " 

. „ • JGCTTAGT 

AVPTKFTPNWLSVLVDN l'T'g 



E S T^^Q K C G I D _^V^ T L C E E A p -p— R 
TGCTGTTCCTACAjy^GTTTACGCCTAACTGGCTTAGTGTC 



770 
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FIG.9D 



790 810 830 

CACCAAAGTAAACGCAGAGAGTGTAGAGAGGATAAAACGGCAACACAGCTCACAAGAACA 
T K V N A B S V E. R I K R Q H S S Q E Q 
850 870 B90 

GACTTTCCAGCTGCTGAAGTTATGGAAACATCAAAACAAAGACCAAGATATAGTCAAGAA 
TFQLLK LWKHQNKDQDIVKK 
910 930 950 

GATCATCCAAGATATTGACCTCTOTGAAAACAGCGTGCAGCGGCACATTGGACATGCTAA 

^ ^ Q «° ^ ^ L C E N S V Q...R H. I G H A M 

970 990 ^ 1010 

CCTCACCTTCGAGCAGCTTCGTAGCTTGATGGAAAGGTTACCGGGAAAGAAAGTGGGAGC 

^ Qlrslmeslpgkkvga" 

1030 1050 1070 

agaagacattgaaaaaacaataaaggcatgcaaacccagtgaccagatcctgaagctgct 

^ ° I K ACKPS DQILKLL 

1090 1110 1130 

cagtttgtggcgaataaaaaatggcgaccaagacaccttgaagggcctaatgcacgcact 

^ .^^J^ I K N G D Q p. T L KG L M H A L 
1150 117a 1190 

AAAGCACTCAAAGACGTACCACTTTCCCAAAACTGTCACTCAGAGTCTAAAGAAGACCAT 
" ,f,«*^ TYK FPKT VTQSLKKTI 
1210 1230 1250 

CAGGTTCCriXJACAGCTOACAATGTACAAATTGTATCAGAAGTTATTTTTAGAAATGAT 
^ S-:. F T M Y K -L Y Q K L F L E M I 

1270 1290 1310 

AGGTAACCAGGTCCAATCAGTAAAAATAAGCTGCTTATAACTGGAAATGGCCATTGAGCT 
GNQVQ SVKIS-CL 
1330 1350 

GTTTCCTCACAATTGGCGAGATCCCATGGATGATAA 



wo 97/23614 



PCT/X- 596/ 10^21 



22/46 



o o o 
tr> li^ ir» 



t/l l/^ lO 



o o o 

CM <N* CM 



(3 




wo 97/23614 



23/46 



PCT-a;S96/-20621 



O C3 o 

(_0 to to 
CM rsi <vi 



O O O 
o o o 



o o o 

uTi lti vr> 



O CD O 
C3 o o 



o o o 



LL 

(3 
U. 




o o o 
41 01 <u 

CO cn , cn 
o o' o 

M 



O CJ o 
crj CO toi 



0> CT» 
M M M 



o o o 

4} 0) 0) 

to CO tn 

o o o 

u 



wo 97/23634 



PCT;'US96/'20623 



24/46 



CO r-^ 



o 



[CO cn| 
< a 



6- fr- 
et* >* 



CO 

a s 

CU flu 

EE 
EE 

a ^ 
03e 

o I ^ 
Q. Si: ^ 
o < 



CU t 

cn 1 
3 I 
>• I— I 

E3 

0» OS 
3 O 

u 

cx :^ 



o z 

Of s 
> OS 

z 

CO cu 

CO o 

cu » 



cu cu 



CO CO 



CO 



s cu 
OS a 

O CO 
S 35 

u <u 

C (A 

4^ O 

— • e 

3 



CO ^ 
> OS 

cu a. 
z *c 

< ^ 

' CO 

< CO 

|cu cu | 

OS Z 
-J CO 



=c cu 



6- ^ 



CJ CJ 



or OS 
^ cu 
cu cu 

CJ c? 

CO •< 




O CJ 



wo 97/236 1 4 PCT/X'S9«/1062 1 

25/46 



FIG.II 



wo 97/22614 PCT/rS96/20621 

26/46 



< 

CN 

o 

LL- 




04 cu 

P* Pa 

lu ^ 

I I 

CM CVJ 

CVi CM 



O 
Q 



27/46 



PCT/US96/20621 



UJ 




in in 



in in 



wo 97/23614 



PCT/US96/20621 



2 8/48 



mu 



F!G.13A 



Thr 180 L 401 



i 



FIG.13B 



12 3 



M Pl.Fc 



FIG.13C 



12 3 



iMjA FI.FC 
I gill M CT.Fc 



wo 97/23614 PCT.VS96i2Q€2l 

29/46 




wo 97/23614 



3 0/46 



PCT/X*S96/20623 



FIG.14B 

Lane# 1 2 3 4 5 6 7 8 




wo 97/23614 PCT/US9«/20621 

3 1/46 



FIG. 15 



wo 97/23614 



PCT/US9«/20621 



3 2/46 



FIG.16A 

Cell Lysate Medinin 

Tq 0,5 I 2 4 6 12 hr To 0.3 I 2 4 6 12 hr 



Non-Reducing 



-100 K — 
-55 K = 



— dtmer 



— monomer 



FIG.16B 

lb 0 J I 2 4 6 12 Iw lb 0.5 t 2 4 6 I2hr 



Redocing 



-55 K = 



monomer 



wo 97/Z3614 



PCT/US96/20621 



3 3/46 



FIG. 17 



6-* 



Dimer 



Monomer 



WC 97/23614 



3 4/48 



PCT/US96/10621 



FIG. 18 



Seirum 



Liver 



OPO Transgeaa + + " - 



/ 



+ + 



— 200 



trimer 
dimer 

noncner 




wo 97/23614 



PCT/TJS96/20621 



3 5/46 




wo 97/23614 



PCT/US96/20021 



3 6/46 




wo 97/23614 



37/46 



PCT/X'S9«/20621 



FIG.20 



< 




100.000 33.330 11.110 3.700 1.230 0.410 0.000 



OPG (ng/ml) 



wo 97/226U 



PCT/'ljS96/20621 



38/46 



3 _ 



2 _ 



< 



1 ^ 



FIG.21 




Legend 

Growth 
Bone marrow 
cells 
CSF-1 



4 days 

I 

Groups 

CTL-CTL 
OPG-CTL 
OPG - OPQ 
OPG - OPG 



Intermediate 
PGE2 * CSF-1 



2 days 



V 



OPG 

100 ng/ml 
100 ng/ml 



Terminal 
ST2 cells 
1^(OH)2 03 
Dexamethasone 

8-10 days 



OPG 



100 ng/ml 
100 ng/ml 



wo 97/23614 



39/46 



PCTAJS96/7062I 



FiG.22A 



1.4 



o 1.35 - 



E 
a 



1.3 - 



o 1.25 - 



5 1.2 - 



1.15 




time (days) 



FIG.22B 



o 
E 



o 
a 
o 

<v 

'c 
o 




PBS 

PBS+ILt 



"O— ORG 
-A — OPG+ILI 



time (days) 



• Different lo PBS. p < 0.05 

# Different to OPG + IL1 , p < 0.05 



r 



W0 97/2D614 PCT/US96/20621 

4 0/46 



FIG.23A 



PBS/PBS 




FIG.23B 




wo 97/23614 



PCT/US96/20621 



4 1/46 

FIG.23C 



PBS/OPG 




FIG.23D 




wo 97/23614 



4 2/46 



PCT/US96/20621 




wo 97/Z3614 



43/46 



PCT/L^S96/70621 




wo 97/23614 PCT/'US96y"20621 

4 4/46 



FIG.26A 



FIG. 26. B 



wo 97/23614 



45/46 



PCT/'US9<S/2062I 




wo 97/23614 



46/46 



PCTAJS96/70621 



FIG. 28 

40 -T 




* Different to OVX p < 0.05 



INTERNATIONAL SEARCH REPORT 



Lnvrr ^aI Appiicaaon No 

PCI /us 96/29621 



A. CLASSIFICATION OF SUBJECT MATTER ^ ^, 

IPC 6 C12N15/12 CG7K14/715 C12N5/10 A01K67/027 
C12N15/62 C(D7K16/28 C37K1/107 C12Q1/68 
G01N33/566 A61K38/17 A61K48/O0 C12N1/21 

Accortmg to tnaenuttonal Patent qasaficaQon (IPC) or to bc<h nattorul dAaificanoo and tPC 



C07K19/0G 
G01N33/50 
//(C12N1/21. 



3. FIELDS SEARCHED 


Mtnunum documcmsnoQ searched (daisificaaoa system foUowcd by daaAcaitoa symbols) 

IPC 6 C12N C07K AOIK C12Q GOIM A61K 


DocuancnttQan narchcd oitier than cmnunum documcnunoa to tlic eanem that sucii documcao are la 


duded m the Adds seardicd 


Beccronte c 


lata base consulted diving imcmannnai ssareh (oama of daia bi 


tae and» where pracacaU search oenm used) 


C. DOCUMENTS CONSIDERED TO 8E RELEVANT 




Qtahcn of doooncnc with indteadon, whcra approprtata, of tha r 


etevanc paan^^ 




RalavenC to daim No. 


A 


CELL, 

vol. 76, 25 March 1994, 

pages 959-962, XP002029050 

SMITH C.A. ET AL. : "The TNF receptor 

superfamily of cellular and viral 

proteins: activation, costimulation and 

death." 

cited in the application 
see the whole document 




1-69 


A 


PROC . MAIL. ACAD . SCI . USA, 
vol. 88. 1991, 

pages 2830-2834, XPeO2029e51 

LEWIS N. ET AL.: 'Cloning and expression 

of cONAs for two distinct murine tunnr 

necrosis factor receptors denwnstrate one 

receptor is species specific." 

see figure 1 

-/.. 




1-60 


1 x| F*gqwr doumum aw Uatid m tfw mmmninnn of bOK C 


|X 1 PsmtenUyi 


nanben aia lisied i 




*A* documoK diAnBt Qm fBHnl fttfi of tbt «t vliicb is m 
Goosdmd to ba of pMcnUr ndcvanea 

'S* cartiar donanmi bm pubfahad on or aftg tftt umflanonai 
niinf dasa 

'L' doGwoatt iHachnuy throw dottbaoa prioftty cUto^ 

wtadi IS atad to (ha puhiica&oa data of aaodHr 
attOOQ or Mhar spadal raaaoo (aa ipaafiad) 

'O* docifliMui iifciiiuy to an oral diadoaun* uaa* fldtttaUtoo or 
ottitf nwBWf 

'P* ilnniflMiit puMiAatl priar tn ttf fwnw^a**^ ^ 

latar thaa tha pcionty data ciauacd 


*T* lattr docunwit pdblubed Mfttr (ha mtenasosal fitiog dttt 
or pnonty data sad oot a cooflict w(h tha appbcaoon but 
ated lo uodcntaod (ha pnnapia or theory undsftymg ttia 
uveadOQ 

*3C* docmant of particular rdavahcas tha aimed mvcnooB 
caoBoc ba coondered twvcl or caaaoc ba eooBdared to 
involvB aa tnvtnavt sc^ when the ikwunwni la taken akxw 

"Y* doGsnani of panctdar relcvancat tha datoiad mvuittoii 
cannot ba eoimdsRd lo uivqIvk an invenave step when tha 
dnaxment a comhmcd widi ana or moca odMr sudi docw- 
raaattt sudi coinbniajBon being obvtoui to a pcnon dolled 
n tha aic 

*&* documant xnenibcr of (ha sana pa cant Enndy 


Data of tha 


acoft compictioa of tht mtamatimni aaarch 


Data of mailing of tha iiKcmadoaal aeards rcpon 


9 April 1997 




1 6. 04. 97 


Nama and zi 


lailittg address of die ISA 

Etoopean Patsnt Ofllca, P.BL 2111 Pafisntaan 2 
NL • USO HV RiiPM^ 
TcL ( 1* 3t.70) 340.204a» Tx. 31 6St <po 
Fas 31.70) 340*3016 


AuthORzed ofOcer 

Mandl , 


B 





Foffli PCT.ISA^^O (« 



mti (July IffS) 



page 1 of 2 



INTERNATIONAL SEARCH REPORT 



Inte ?rui Appiicaaon So 



A. CLASSIFICATION OF SUBJECT MATTER 

IPC 5 C12R1:19) 



Aceordim to fntgrnattcnai Pacent Caaaficaoon (IPC) or a> both naaonii djurifiation utd IPC 



B. FIELDS SEARCHED 



Minini\iin documcntaooa searched (clasaficaaon syscsra followed by dxaficanon lymboli) 



OocumesuQoa searcbed oOxer Qun rotminum docximcnuocn co rht extent that such dociancott are included m t2it ri«idi searched 



Bectromc data 1mm coiuulted dunnc ^< tmcmaaonal narch (name of data tiaai and* wbcn practical, icarcto ttnm uacd) 



C DOCUMEMTS CONSIDERED TO BE RELEVANT 



Catofocy * Qtaaoo of <<ocunw i n, with tmhcmon, where appraphaas, of tha relevant pasafcs 



Rekvmt co daira No. 



SCIENCE, 

vol. 252. 1991. 

pages 1651-1656, XP000645049 

AOAMS M.D.: "Complonentary ONA 

sequencing: expressed sequence tags and 

human genome project.' 

cited in the application 

see the whole document 



1-66 



US S 447 851 A (BEUTLER BRUCE A 

September 1995 

see the whole document 

US 4 179 337 A (DAVIS FRANK F 
December 1979 
cited in the application 
see the whole document 



ET AL) 5 



ET AL) 18 



36-38.57 



28,29 



□ 



Fixrtfaa-( 



I an ttflid in die 



on of boot C 



I j Pam family nwmbav an Usaed i 



* Spaaai 
•A 



of osad c 



■Bi of tba art wMcti » not 
to ba of par^oilar ntavnca 

rUing dua 

*L' do cu nc m whtcfa may dgwr docbtt on pnon<y dann<i) or 
wtdch a ated to otattnti dw ptrtacaaon data of anoctar 
dcadoo or other ipraal nam (aa ^aculcd) 

'<y documett refemns to an oral disdosm, UK. otBbmaa or 
oditf tncana 

'P* do a anant publiahed prior to th* moenMorad Olinf data but 
later than the pnonty dace ctaiiaed 



late document publubed alte Uta mttniaaoaal fUing data 
or pnonty data as^ iMi ta cosOiec wnb dta tppbca&on but 
dlad to understand dw pnacipla or dMry undntydif toa 



m of parttodar wievin ce; tt» dai 
bd conddcnd novel or ca nn ot ba 
an utnoova sgb whan (tta 



to 

tatikan alooa 

docuBMnt of particaUr reicvanca; dw daunad iarcmioa 
canot ba conadeivd to nivolva an tnvtndvt step whan tht 
document is combined wito ona or man other sudk docu- 
mmo* wch combmanon bemy obvioui to a { 
m dta an> 

'A* docancnt member of (be ame patent famdy 



Data of die actual complcaon of dia tmcmaoooal search 



Data of madmc of dte international search report 



Name and raatlinf addresa of dia ISA 

Etoopcan Patent Omce. P.R. 5St 8 Paiandaan 3 
NL - 23S0 HV Rittwiilt 
Td. ( ^ 31.70) 340-2040, T3I. 3t &St epo 
Fue(-r 31.70) 340>30I6 



Audnnzcd ofQe^ 



Form PCT/13A/310 (i 



page 2 of 2 



INTERNATIONAL SEARCH REPORT 



mutioul appiicsooa No. 

PCT/US 96/20621 



Box I Ohscrrsiions wiiere ceraaa claims were found uasearchttiile (Continuanfia of item I of Snt sheet) 



This Inctmaiiorai Search Report hu not been cstafaiished ta resp e ct of certsm daim undsr Artsdm ^or the foilowin« rewan: 



because they reiace to subiect maixer not required co be searched by ih» Authority, oaasely: 

Remaric: Although these claims are directed to a method of treatment of 

(diagnostic method practised on) the huaan/anlmal body/ the search 
has been carried out and based on the alleged effects of the com* 
pound/compo s 1 1 1 on . 



because (hey rehtce co parts of the {ntenuuionai Appficaaon that do not compiy with the prescribed l e quii e niejA tt co such 
«n extent that no (neantngfui Intemasionai Search can be earned out» speoftcaUy: 



because they are dependent datms and an not drafted in iceordanoe with the second and third lenten ce i of Ruie 6.4<a)u 



Box II Obscnfaiions where tmscy of utvestioa ts laekinf (Cdstaittatioii of item 2 of first sheet) 



This Imemactonai Searddng Authority found muitipie inventions in (his international appttcaaoa, as foilowe: 



As aU r eq uir e d addhional search fees were dmeiy paid by the ipptiram, this f memaoonal Search Report covers ail 
searchable ctainB. 



2. I I As aU searchable datms coutd be searches without efTort justifying aa addhionai fee» this Authority did not invite paymem 
of any additional fesL 



3. I I As only some of the required additional search fees were tiraety paid by the eppliranf, this Intemationai Search Report 
covers only those dainis for which fees were paid, specificaUy daims No&; 



4. I I Mo reqmred xddidtaial search fies were timely paid by the appficast. Consequently, this tntemacifmai Search Report is 
restricted to (he tnvmtion Hrn mentioned in the daims; it Is covered by daims Nos^ 



Rcnarlc oa Protest I The additional search fees were accompanied by (he ippiicaat's protest. 








No protest accompanied the payment of additional search fees. 



Form PCTnSA/210 (continuation of fmt sheet (I)) (July 1991) 



I^THRNATIONAL SPAS^rH RFPC^^T 
^rorsuaon on pAtem r«.TUiy monbcn 


inter mt 'Appucaaon No 

PCi/US 96/20621 




Patent <iocumeni 
cited in search report 


Publication | 
dan 1 


Puent family 
member(s) 


Publicauon 
1 due 




us 5447851 A 


G5-G9-95 


NONE 








US 4179337 A 


18-12-79 


CA 1033673 A 
Qn 016942 A 
OE 2433883 A 
FR 2313939 A 
GB 1469472 A 
JP 1152589 C 
JP 5GG42987 A 
JP 56023587 B 
ML 7409770 A 
SE 441753 B 
SE 7409366 A 


27-06-78 
30-04-80 

05- 02-76 
07-01-77 

06- 04-77 
30-06-83 
16-04-75 
01-06-81 
22-01-75 
04-11-85 
21-01-75 





